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Nakambala Tilapia Farm commenced operations at the Nakambala Estate of the 
Zambia Sugar Company near Mazabuka, Zambia in early 1982. The farm used an 
intensive tank system designed to produce 50 tonnes of tilaplas per annum to provide 
fish for feeding the labour force on the sugar estate. The project had to manufacture 
fish feeds on site. A wide range of feed raw materials were used over the course of the 
project, with formulations designed to aim to supply the nutrient levels suggested by 
the University of St iIng, Institute of Aquaculture. The raw materials included 
microalgae from a pilot scale algae culture project funded by the Overseas 
Development Administration, dried fish, blood meal, carcase meal, soyabeans, 
cottonseed, hydrolysed feather meal, sunflower oilcake, lucerne, leucaena, yeast, 
wheatings and maize. Dis involved identification of raw material supplies, 
development of appropriate feed processing methods, formulation of feeds and 
manufacture of the feeds. Seventeen feed trials were carried out to evaluate the use of 
different feed formulations. Many of these trials concentrated on the supply of 
vitamins in the feeds as the provision of a vitamin supplement was made impossible 
by restrictions on foreign exchange allocations. 
The main conclusions were` 
1. The poor financial performance of the farm in the initial years of operation was due 
to problems in project implementation, particularly the absence at the start of the 
project of a breeding population of tilaplas of a species with proven growth potential 
in an intensive system. 
2. The feeds being produced by 1985 were adequate to sustain good growth in tilapias. 
Feed trials had shown that there was no need to use a vitamin supplement in the 
feeds despite advice to the contrary from other authorities. 
3. The farming system utilised was appropriate to Zambian conditions, despite being 
extremely intensive. 
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CHAPTER I TILAPIA FARMING AND FEED REQUIREMENTS. 
1.1. Famdng methods for tilaplas and the feed requirements of different systems. 
Tilapia fanning is carried out using a variety of different methods. Table 1 summarises 
the requirements and features of some examples. In the least intensive systems, fish 
are stocked into a water body and recovered after a period of time. No attempt is made 
to provide any additional feed for the fish beyond the natural feed such as algae, 
bacteria and invertebrates which are already in the water body. Fish production 
depends principally on the relationship between the quantity and quality of natural 
food in the water body or pond and the biomass of fish If the fish use up or outgrow 
the natural food resources, they will starve. Production rates vary from 0-2 tonnes of 
fish/hectare/annum depending on the precise conditions (Balarin and Hatton, 1979) 
and water usage need only replace what is lost through seepage and evaporation. 
This type of farming system may appear to be attractive as it can often be carried out in 
existing facilities such as irrigation dams and requires only juvenile fish with which to 
stock the ponds and a means of catching the fish at harvest, such as a seine net. There 
are, however, a number of problems common to most pond systems when farming 
tilapias: 
(1) Most species of tilaplas, when given a restricted food supply and plenty of room in a 
mixed sex culture, will tend to reproduce rather than grow. The fish can mature at 
sizes as small as 8-9 cm producing, at harvest, a large number of very small fish of 
low market value rather than the relatively few, large fish intended at the time of 
stocking (Macintosh and Sampson, 1985). A number of approaches have been 
developed to circumvent this problem in pond culture including the use of predator 
fish to reduce the numbers of suviving fry (Huet, 1972) and the use of single sex 
2 
Table 1. Ex mples ä 7Uapia Cult ue Systems. 
Extensive Intensive 
Stocked Fertilised Fertilised and Tank 
Reservoirs Fish Ponds Fed Ponds Culture 
Production 0-3t/ha/yr 3-8t/ha/yr 4-20t/ha/yr 2000t/ha/yr 
or200kg/m3/yr 
Feed None None Supplemental Complete 
Feed Feed 
Water Replace Replace Replace Min. 0.1 1/min/kg 
Supply Evaporation Evaporation Evaporation of Fish Stocked 
Soil Type Non-porous Non-porous Non-porous Not important 
Aeration No No At Times Continual 
Security Poor Poor Poor Good 
Examples of the systems described: 
1. Stocked Reservoir. Mubuyu Farm, nr. Mazabuka, Zambia- a mixed farm which 
utilises water storage dams to irrigate crops in the dry season 
2. Fertilised Fish Ponds: Kafue Fisheries Ltd, Kafue, Zambia. -a combined fish and pig 
farm where the droppings of the pigs are used to fertilise the fish ponds. 
3. Fertilised and Fed Fish Ponds: Israeli fish ponds. 
4. Intensive Tanks: Nakambala Tilapia Farm. 
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cultures achieved by hormone treatment of the fish (Guerrero, 1975), by hand sexing of 
the fish prior to stocking in the ponds, or by hybridisation of particular species which 
tend to produce a high proportion of males (Balarin and Hatton, 1979). 
(ti) If the ponds are not capable of being fully drained before stocking it is likely that 
cannibalistic fish may be present at stocking resulting to stock losses which may not 
become apparent until the time of harvest. 
(iii) Due to the large area of water used, it can be difficult to prevent theft of fish and 
exclude predators such as pisdvorous birds and mammals. 
The easiest way to improve the productivity of a pond system for tilapia culture is by 
the addition of organic or inorganic fertilisers. The fertilisers used range from 
inorganic mixes of nitrogen, phosphorous and potassium used in conventional 
agriculture, through to animal wastes such effluent from Intensive cattle or pig 
rearing enterprises and food production byproducts such as coffee processing wastes 
and sugar cane bagasse (Kohler and Pagan-Font, 1978). The principal effect of the 
fertilisers is to increase the growth of algae and bacteria in the ponds, some of which is 
ingested directly by the fish, the remainder enhances the growth of invertebrates 
which are subsequently eaten by the fish Some organic wastes such as manures may 
be eaten directly by the fish. Fertilised pond systems are widely used. Fish production 
rates depend on the type of fertiliser used, the stocking rate of fish, the species of fish 
and other environmental factors, however yields of 2.5 -6 tonnes/hectare/annum are 
usual and yields as high as 20 tonnes/hectare/annum have been quoted (Flynn, 
personal communication ; Edwards etal 1981). 
Further production increases can be achieved in a pond system by the addition of 
supplementary feed. It is termed supplementary because it is used to augment the 
natural feeding due to natural pond productivity or pond fertilisation. The feed need 
not aim to supply the complete range of nutrients required by tilaplas as the natural 
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food in the pond contains higher levels of protein and vitamins than are required by 
the fish (Sang, personal communication). Supplementary foods can range from 
simple applications of agricultural byproducts such as rice bran (Mstska, 1983) to 
formulated pellets supplying moderate amounts of protein (15 - 25%) and large 
amounts of energy. Fish production rates using these methods range from 4- 20 
tonnes/hectare/annum (Sang and Arie11,1980). 
The next limitation to the productivity of a pond system is the diurnal oxygen 
fluctuations which result from the photosynthetic and respiratory activities of algae in 
the ponds. During daylight hours, algae photosynthesise, producing oxygen and 
consuming carbon dioxide. During the night algae consume oxygen by respiration and, 
along with the oxygen demands of the fish, bacteria and other organisms in the pond, 
can cause a critical shortage of oxygen. If the oxygen level falls below the lower lethal 
oxygen requirement of the tilapias (0.1 -1 mg/l [Balatin and Hatton, 1979]), the fish 
will die. If the oxygen level falls to zero, all pond We, including the algae, will die. 
This can be avoided by aeration or oxygenation of the ponds during the critical 
periods. 
Further Intensification of tilapia culture can be achieved by the use of "clean water" 
systems. In these, no attempt is made to produce natural food for the fish and they 
derive all their nutrition from a complete feed formulated to supply all the nutrients 
required for growth and maintainence. There are three main types of intensive system 
in operation: 
(I) Intensive ponds. This type of pond system is different from those describedabove 
because a high flowthrough of water is used to supply the oxygen demands of the fish 
This means that natural food cannot be cultivated in the pond and a complete feed 
must be supplied. Israeli research has shown that yields of up to 36 
tonnes/hectare/annum can be achieved (Rappaport and Sarig 1975). 
5 
(ii) Cage culture. The fish are suspended in an enclosed net or cage, usually in a 
relatively large water body. The oxygen requirements of the fish are supplied by the 
flow of water through the mesh walls of the cage and fish faeces fall through the 
bottom of the cage. Although this has developed as a way of growing tilaplas to 
fertilised ponds with or without supplementary feeding (Beveridge, 1987), it has also 
been used in dean water systems with production rates as high as 200kg/m3/annum 
(Coche, 1977). 
(iii) Intensive tank culture. In this form of tilapia culture, the fish are held in tanks, 
usually made of concrete or fibreglass. The tanks may be round, square or rectangular 
but the essential feature is that they are designed to be self ceaning, that is, there is no 
build up of faeces or uneaten food on the bottom of the tank in normal use. This is 
achieved by creating a flow, either through directing the inflow of water or using 
directional flow aerators, which carries particulate waste to the outlet screen of the 
tank Very high stocking densities can be achieved (up to 100 kg/m3) resulting in 
production rates of up to 200kg/m3/ annum (Zohar, Rappaport and Sarig, 1985, Balarin 
and Haller, 198Z- Hough, internal Tate and Lyle report). 
The major advantage which these very intensive systems have over the more 
extensive systems is that the high stocking densities utilised disturb the normal 
breeding behaviour of tilapias. This delays the onset of maturity and allows fish 
growth to carry on at predictable rates and to sizes which are easily marketed (Allison 
eta/1976). Another advantage of intensive systems is that the area of land required is 
small so it is easier to protect the stock from predation or theft. The site conditions are, 
however, fairly specific. Intensive ponds or tanks require 0.1 -1 litre of dean water per 
minute for each kilogramme of fish on the farm, with sufficient head of pressure for 
the water to flow through the tanks under gravity. Intensive cages need a site with 
deep, relatively sheltered, water. 
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The other major factor which must be considered if tilapla culture is to be carried out 
at a particular site is the availability of complete feeds. ln developing countries such as 
Zambia, it Is this factor which often precludes consideration of intensive culture. A 
complete feed must supply all the nutrients required for growth. These requirements 
are summarised in Section 12 Some of these nutrients, in particular the high quality 
proteins and the mit zvnutrients, are often unavailable from sources within a 
developing country and so must be imported Foreign exchange shortages can make 
this difficult or at times impossible, making the consistent production of complete 
feeds based on conventional formulations impossible. 
The fish farm project at Nakambala was planned with the knowledge that complete 
feeds would have to be produced entirely from locaUy available ingredients as the 
tilapla farming system chosen was very Intensive. 
7 
12- Review d TaaM, teed sequbentents. 
Many papers have been published In recent years on different aspects of tilapia 
nutrition The subject is broad because the tribe tilapinil (Ulaplas) comprise many 
different species, often with quite different . natural feeding preferences and the 
method of fanning varies widely from study to study. This review will concentrate on 
studies carried out using intensive farming systems requiring the feeding of complete 
feeds, as this was the method of nutrition used at the Nakambala Tüapia Farm. 
Jauncey and Ross (1982) and Jauncey and Ross (in press) have given more complete 
reviews of tilapia nutrition 
The main nutrients required for the growth of tilaplas are Protein Upids, 
Carbohydrates Vitamins and Minerals. 
(i) Protein 
Proteins are often referred to as the building blocks of animal nutrition because they 
form the basic structures of animal cells, muscles and connective tissue as well as 
being central to many of the physiological reactions in an animal Proteins are 
complicated molecules consisting of chains of subunits called amino adds. All non 
ruminant animals require a constant supply of dietary amino adds to replace those 
broken down hum existing tissues and for growth. Most of the 25 commonly 
occurring amino adds, do not need to be supplied in the exact form in which they are 
to be utilised, but can be synthesised from other amino adds. Ten of the amino adds 
cannot be synthesised in this way and are termed essential amino adds, that is they 
must be supplied in the exact form and quantity in which they are required by the 
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animal, if growth, maintainence or reproduction are not to be affected Because of this 
central role In animal nutrition and the relative expense of high protein feed 
ingredients, the provision of the correct quantity and quality of protein is usually the 
first priority in an aquaculture feed If the balance of essential amino adds is not 
correct or there is Insufficient energy in the diet from fats or carbohydrates, proteins in 
fish diets will be broken down to supply energy. This form of energy production is 
wasteful as energy can usually be supplied more cheaply from fats or carbohydrates. 
The quantity of protein required by tilaplas has been estimated in many studies. It 
depends principally on the size of the fish, smaller fish requiring higher levels of 
protein in the diet to produce optimal growth jauncey (1982) showed the optimum 
protein requirement of Om' oMwnicmoassamblcus juveniles (1 "10g average weight) 
to be 40% of the diet. Ross (1982) showed that for larger fish the optimum was around 
30% reducing to 25% for O. massambicus over 30g Viola and Zohar (1984) in more 
production orientated trials seemed to show a seasonal effect in the requirement for 
protein. With large fish (100g+), 30% and 35% protein diets performed better in the 
Summer than 25% protein diets whereas in Spring there was no significant difference. 
Teshima, Kanazawa and Uchiyama (1985) demonstrated that 0.5g+ Olvorhmmis 
nrbbtw juveniles grew best on a feed containing 35% protein. 
The other major factor regarding protein nutrition is the quality of the protein or its 
amino add content. Although the optimal dietary levels of amino adds have been 
established for many species of fish, the requirements for tilapias have still not been 
well established. Jackson and Capper (1982) indicated minimum dietary requirements 
of 0.53% methionine (at a dietary level of 0.74% Cystine) and 1.62% Lysine for O. 
massamblcus juveniles, whilst similar tests for arginine requirements were 
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inconclusive. Jauncey, Tacon and Jackson (1983) encountered considerable difficulty in 
adapting tilapias to the standard type of synthetic test diets used in these studies and 
expressed doubts about the ability of tilapias to utilise supplies of free amino adds in 
such diets. Some studies have shown that amino add supplementation of diets can be 
effective. Shiau, Chuang and Sun (1987) found that methionine supplementation of a 
diet containing soyabeans for juvenile CYvod rvmis n/Iodcus/C, rcchnamis aravus 
hybrids increased growth in fish fed a 32% protein diet but not in those fed a 24% 
protein diet. With the scarcity of information on the amino add requirements of 
tilapias, recommendations are generally taken from other fish species, from the 
deposition rates of amino adds in fish tissues and from the amino add composition of 
tilapia tissues (Ogino, 1980, Jauncey, Tacon and Jackson, 1983). The current 
recommendations given by the University of Stirling, Institute of Aquaculture, Unit 
of Fish Nutrition are shown to Table 2. A recent study by Santiago and Lovell (1988) 
using Q ntifakuc fry fed test diets in feeding experiments, indicated that optimum 
essential amino add levels were significantly higher than those recommended by the 
University of Stirling. However the experiments were carried out using very small 
fish (start weights 15 - 87mg) fed diets with sub - optimal protein levels (28%) with no 
indication of the efficiency of feed utilisation There is no guarantee that these results 
could be transferred to larger fish where feed costs are more economically significant 
(11) lipids 
The two main functions for lipids in animal nutrition are to provide energy and as a 
source of essential fatty adds. 
lipids contain higher levels of energy than any of the other energy containing 
components of foodstuffs. Lipids contain 9.4 kcal/g total energy compared to 5.6 kcal/g 
for protein and 4.1 kcal/g for carbohydrates (White et a/ 1964). They are 
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Table 2d nutrient levels to feeds for TUpias in intensive culture 
(Jauncey, pem comm). 
Crude Protein 1 50% 35 -40% 30 -35% 25 - 30% 30% 
Crude Lipid 2 10% 10% 6-10% 6% 8% 
Carbohydrate 25% 25% 25% 25% 25% 
1. Crude Protein containing essential amino adds as folows(Expressed as %age of 
protein content} Arginine 28%, Histidine 1.1%, Isoleudne 2.0%, Leudne 3.4%, Lysine 
3.8%, Methionine 1.0 %, Phenylalanine 2.5%, Threonine Z9%, Tyrosine 0.4%, Valine 
22%. 
2. Crude Lipid containing 1% n-3 and 1% n-6 essential fatty acids as %age of the diet. 
The feed should also contain a vitamin and mineral premix 
Vitamin premix Vitamin A 200000 IU/kg, Vitamin D3 1000000 IU/kg Vitamin E 
10000 IU/kg Vitamin K 1000 mg/kg Vitamin Bi 1000 mg/kg Vitamin B2 2000 mg/kg, 
Vitamin B6 1000 mg/kg Vitamin B12 100 mg/kg Nicotinic Add 2800 mg/kg, 
Pantothenic add 2500 mg/kg, Choline chloride 50000 mg/kg Vitamin C 125000 mg/kg, 
Folic add 600 mg/kg, Biotin 100 mg/kg Inositol 20000 mg/kg, Antioxidant 20000 
mg/kg, 
Mineral premix Calcium orthophosphate 728 g/kg Magnesium sulphate 127 g/kg, 
Sodium chloride 60 g/kg, Potassium chloride 50 g/kg, Iron sulphate 25 g/kg, Zinc 
sulphate 55 g/kg Manganese sulphate 2.5 g/kg Copper sulphate 0.8 g/kg Cobalt 
sulphate 0.5 g/ kg, Calcium iodate 03 g/ kg, Chromic chloride 0.13 g/ kg, 
The vitamin premix should be included at 1%(lOkg/tonne of feed) and the mineral 
premix at 4%(40kg/tonne of feed). 
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therefore an efficient means of supplying energy in tilapia feeds. Stickney and Wurtz 
(1986) demonstrated increased growth in Q aww with increasing dietary lipid levels 
up to 10%. Practically the limitations on the use of lipids as energy sounres in tilapia 
feeds are that levels above 12% In the diet have been shown to cause depressed growth 
and accumulation of carcase llpids, (Jauncey and Ross, unpublished data) and feeds 
containing more than 10% lipid are difficult to mill and pellet using conventional 
pelleting techniques (Stickney, 1979). Higher levels of dietary lipids can be achieved by 
spraying the lipids onto the feed after pelleting, or by using extrusion processing as is 
used in current "high energy" feeds for salmonids. 
One of the most common forms of lipid In animal nutrition is as tiiglyc Brides. Each 
triglyceride is composed of a glycerol molecule attached to three fatty adds. The fatty 
acids can vary In length from one to 22 carbon atoms and the bonds between the 
carbon atoms can be single bonds (saturated) or one or more of the bonds may be 
double bonds (unsaturated or polyunsaturated). Two dasses of unsaturated fatty adds 
have been shown to be essential for the maintainence and growth of most animals, 
Including fish These are referred to as n-3 and n-6 fatty adds. The n-number refers to 
the relative positions of double bonds in the fatty adds. Most homiothermic animals 
have been shown to have a dietary requirement for n-6 polyunsaturated fatty adds, 
whereas most fish species require only essential fatty adds of the n-3 type (Cowey and 
Sargent 1977). In contrast to this Kanazawa elal (1983) demonstrated that 7/lapla sill 
required a dietary supply of 1% n-6 fatty add and Stickney and Wurtz (1986) suggested 
that dietary levels of linolenic acid (an n-3 fatty acid) over 1% depressed growth in 0 
atneus It has been suggested that the difference between tilapias and most other fish 
studied to date, is due to the fact that most of the other species studied have been 
coldwater species. It may be that the greater degree of unsaturation of the n-3 fatty adds 
are necessary to maintain membrane phospholipid fluidity at the low 
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metabolic temperatures encountered in coldwater fish The metabolism of warmwater 
fish such as tilapias and homiothermic animals is carried out at higher temperatures, 
at which the n-6 fatty adds would be sufficiently flexible (N. RC, 1983). 
(tti) Carbohydrates. 
Carbohydrates consist of basic units containing only carbon, hydrogen and oxygen 
called monosacchaiides. Each monosaccharide contains between three and six carbon 
atoms and they are joined together in chains to fomm sugars (up to ten 
monosaccharides) or polysaccharides (more than ten monosac charades). For tilapia 
nutrition, carbohydrates can be divided into two lasses, digestible carbohydrate and 
indigestible carbohydrate or fibre. 
Digestible carbohydrates such as most stanches and sugars can provide useful amounts 
of energy to tilapia feeds (Teshima etat 1985). They are not essential in the same way 
as some of the protein and lipid constituents, however the low cost of high 
carbohydrate raw materials such as cereals means that they are usually the cheapest 
energy source available (Jauncey and Ross, 1982). 
Fibre is usually regarded as indigestible hence it does not supply energy to the fish 
(Jauncey and Ross, 1982). High levels have been shown to be undesirable in other 
species (Leary and Lovell, 1975) and it may affect the digestion of other nutrients. 
As high carbohydrate ingredients often make up a large proportion of the total 
Ingredients in tilapla feeds, they can have a profound influence on the consistency of 
the feed, affecting pellet hardness, density and water stability. Viola et al (1985) used 
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feeds containing a variety of high carbohydrate materials in trials with tilapias in 
intensive ponds. They found that despite the differences in pellet consistency between 
the different grains, fish growth was related more to the nutritive value of the grains 
than pellet stability. 
(iv) Vitamins 
Vitamins are organic compounds which are required in trace amounts for the normal 
functioning of animals, but which some animals are unable to synthesise. They are a 
diverse range of compounds but are usually divided into the water soluble vitamins 
(vitamin Bi, vitamin B2, vitamin B6, pantothenic add, niadn, biotin, folic add, 
vitamin B12, choline, inositol, vitamin C) and the fat soluble vitamins (vitamin A, 
vitamin D, vitamin F, vitamin K). The principal difference between these two groups 
is that the fat soluble vitamins can be stored in animal tissues and the water soluble 
vitamins cannot. This means that It should be easier to demonstrate the effects of 
dietary deficiency of water soluble vitamins than fat soluble because an animal 
requires a constant supply of water soluble vitamins whereas it can cope with 
Intermittent or fluctuating supplies of fat soluble vitamins. 
Although requirements for specific vitamins have been demonstrated in other fish 
species (Halver, 1979), the only outright dietary vitamin requirement demonstrated so 
far in tilaplas, has been for vitamin C. Work at the University of Stirling has 
demonstrated that relatively high levels of vitamin C (1250mg/kg of feed) are required 
in feeds for Q nIbf/= and 0 massamb/cucc (Jauncey, Soliman and Roberts, 1985, 
Soliman, Jauncey and Roberts, 1986(a) Soliman, Jauncey and Roberts, 1986(b) ). 
Recommendations for inclusion levels of other vitamins in tilapia feeds (see table 2) 
are based mainly on information from other fish species. 
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(v) Minerals 
There is very little information available on the mineral nutrition of fish (Tacon and 
De Silva, 1983; Talg 1979). Recommendations for tilaplas am usually based on those for 
other fish species. Watanabe et al (1980) postulated a dietary requirement for 
phosphorus of less than 0.9% in Q n9b&zw as supplementation of a basal diet 
containing this level did not result in improved growth. Robinson et al (1984) 
suggested that a dietary calcium level of 0.65% was adequate for Q aweus reared in 
calcium free water, although in most situations fish derive adequate supplies of 
calcium from the water (Nose and Aral, 1976). 
The recommendations given for the nutrient requirements of tilapias by the 
University of Stirling are shown in Table 2. These were the targets aimed at when 
formulating feeds at Nakambala tilapia farm 
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CHAPTER ' CONSTRUCTION, LAYOUTAND OPERATION OF NAJ AMBALA 
TILAPIAFARM. 
2.1. Brc". und. 
The Nakambala Estate of the Zambia Sugar Company (ZS-C. ) is near Mazabuka on the 
Kafue floodplain about 130 kilometres South West of Lusaka. The estate covers 
around 10000 hectares and produces from 70000 to 140000 tonnes of sugar per annum. 
All the sugar cane is cut by hand during the dry season which usually nms from April 
to November. Most of the 2-3000 cane cutters are not resident in the Mazabuka area 
but are from the Lozi tribe of the Western Province of Zambia. At the start of crop they 
are recruited in Western Province and are accommodated during crop In bunkhouses 
on the estate. They are provided with meals from the estate kitchens. Before the fish 
farm started, the main meal of lunch usually consisted of various beef and bean stews 
along with "nshima'(boiled maize). It had always been company policy to use produce 
which could be grown on the estate in the meals. Maize and beans were grown for this 
purpose. This was preferable to buying in ingredients because it gave the estate better 
control over the supply In times when there might be a national shortage of particular 
commodities. 
There were sixteen irrigation dams on the estate which were occasionally netted and 
the fish used in the kitchens. Annual total yields were under one tonne per annum, 
but the fish was greatly appreciated by the estate workers. In the late 1970's the Zambia 
Sugar Company planned to start a fish farm to supply fish for the estate kitchens. The 
original plans were for an extensive system supplied by water from an irrigation canal 
at the edge of the sugar estate but concern was expressed about the potential difficulty 
of preventing theft from such a farm. The proposed site was dose to the Kafue River 
and also close to a village of fishermen who were squatting on Zambia Sugar 
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Company land The fishermen would have had both the equipment to catch, and 
connections with marketeers to sell, fish making any development close to the village 
very vulnerable to theft. The proposal was presented at a time when the estate had 
experienced serious problems with theft of crops, particularly maize, bananas and 
pineapples, resulting in the abandonment of growing bananas and pineapples. 
Since the mid 1960's when the sugar estate was built, It had been managed under 
contract by Tate and Lyle, who supplied or recruited most of the senior management. 
In the late 1970's Tate and Lyle Technical Services (T. LT. S. ) had begun to develop an 
interest in aquaculture, firstly of algae as raw materials for chemical production, and 
subsequently of finfish, particularly tilaplas. The main development was an intensive 
tilapia farm sited at the Mange Nuclear Power Station near Liege in Belgium. The 
farm produced 50 tonnes/annum of 0. ni " in the cooling water effluent of the 
power station passed through ten D- ended tanks. Miring of power station water with 
ambient temperature water and occasional recycling of water allowed temperatures to 
be maintained at 20 - 280C The project demonstrated that tilapias could be grown in 
intensive culture at densities of up to 100 kg/m3 (Melard and Philippart, 1980; 
Delcambe-Fontaine, 1979; Hough, personal communication). As a result of the success 
of this project, the technology was offered by T. LT. S. to sugar estates in the tropics in 
which they had interests. The idea was taken up by Z. S. C. in early 1981 and 
construction was scheduled to commence in late 1981. The project was to be wholly 
funded by ZS. C 
The Nakambala Estate was deemed to be suitable for such a project because. 
(i) There was a plentiful supply of water which could be piped to the farm under 
pnessure. Nakambala Estate pumps up to 50000 m3 /hr of water out of the Kafue River 
for irrigation of the sugar cane, operation of the sugar factory and provision of 
drinking water on the estate and in Mazabuka. The quantity of water required for the 
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fish farm was approximately 300m3/hr which was insignificant compared to the total 
amount used on the estate. 
(ii) There was a ready market for the fish the estate kitchens. 
(tti) The water temperatures were generally suitable for tilapia culture (see section 22). 
During Winter when temperatures fell below the optimum for growth, it was 
proposed to use low grade waste heat from the sugar factory to raise farm water 
temperatures. 
(iv) Although the proposed fanning system was very Intensive, requiring a high level 
of management skill and technical backup, it was felt that this could be provided on a 
sugar estate, the operation of which also requires skilled management and technical 
facilities such as laboratories and workshops. 
(v) The system could be relatively easily protected from theft as the small area of the 
farm could be contained within the factory security zone. 
The main problem areas forseen at the start of the project were 
(i) The suitability of local fish species for intensive culture had not been tested. It was 
proposed to import two exotic species, Cjvc hmrnls nBoiicus and 0/v00Vnmis 
aw 'zzs in case the local species proved to be unsuitable. 
(ii) The provision of suitable feeds. The project was to include feed processing 
machinery and it was hoped that sufficient supplies of raw materials could be found 
within Zambia. In particular it was clear that there would be difficulty in providing 
protein for the feeds. It was proposed that this could be derived from fish caught in the 
irrigation dams and from algal culture using fish farm effluent as a substrate. This 
approach gained support from the Overseas Development Administration of the 
British Government who agreed to fund a three year research programme into algal 
culture at Nakambala. This research programme is described in Chapter 6. 
18 
22-Development Programme. 
Figure 1 shows the proposed and actual development programmes for the project As 
can be seen the project started later than anticipated, at the start of 1982 rather than to 
the middle of 1981. this was because of delays in making decisions within the Zambia 
Sugar Company and in approval of work permits for Tate and Lyle personnel. This 
meant that the project started in the rainy season which delayed construction of the 
hatchery. Water temperatures at Nakambala ranged from extremes of 28°C In 
Summer to 17°C In Winter. Figure 2 shows the average temperatures for each month 
over 5 years at the Hatchery. Tilapias breed at temperatures between 20 - 23oC (Balarin 
and Hatton, 1979), which meant that breeding at ambient temperatures at Nakambala 
was restricted to a season running from October to May. The delay in construction of 
the Hatchery meant that no breeding could take place before the 1982 Winter started, 
so breeding was delayed until October 1982. A six month delay in project 
implementation resulted in a twelve month delay in the breeding and production 
programme. Ordering and shipping of the equipment did not take much longer than 
planned despite some of the containers "disappearing" for a period on the Tazara 
railway between Dar es Salaam, In Tanzania, and Zambia. 
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Figure 2-Ambient water temperatures at Nakambala Estate. 
(Derived from the averages of readings taken at the Hatchery 1982-1986) 
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2l Fatm layout. 
Two sites were developed. Figure 3 shows site A, the Hatchery. The main water supply 
was by gravity through two siphons drawing water from an tnigation dam. Before 
construction the area was very swampy. The tanks were all made of plastered concrete 
brick walls and cast concrete bottoms. Excavation of the tank bases was by hand. The 
spoil from excavation was used to build up the overall site level This combined with 
drainage gave a good working surface between the tanks over which light vehicles 
could be driven The chatacteristlcs of each set of tanks including the approximate 
water flow through rates used are described in Table 3. 
Most of the construction was completed before the arrival of imported equipment so 
the materials used had to be found locally. Heavy pipeworic and valves were salvaged 
from the factory scrapyar . Other pipework was generally of galvanised steel apart 
from the D-ended tanks which used locally sourced plastic pipes and fittings. 
In late 1982 a borehole was sunk at the Hatchery site as a reserve water supply. This 
provided approximately 5 m3lhr of water which was usually used to supply the arena 
and breeding pond. Borehole water had fairly constant temperatures(24 - 25°C), 
compared to dam water(l7 - 28°C). 
Four different types of fry production pond were constructed over the course of the 
project as shown in Figure 4: 
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Figure 3. Site la)vut at the hatdmy. 
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Table 3. The characteristics of tanks at the hatchery and raring unit. 
Arena I 15m dia. round 40 males Im3/hr Borehole 
im deep 280 female 
Breeding pond I 10 x 20 m. 40 males im3/ hr Borehole 
I m. deep 280 female 
Earth ponds 6 30 x 12 m. 40 males 0.5 m3/ hr Dam 
1m deep 280 female 
Broodstock tanks 4 8m diamond Broodstock 0.6m3/hr Borehole 
07md 
Fry raceways 11 10 x Q7 m 5000 fry 0.6m3/hr Mixed Dam/ 
F ingeritng tanks 6 5m diamond 10000- 15000 1m3/ hr Dam 
0.7m deep 1- 5g fish 
Fingerling raceways 6 9.5m D-ended 10000 6m3/ hr Dam 
Im deep 5-15g fish +aeration 
Rearing Tanks 20 9.5m D-ended 5000 fish 8m3/hr Factory 
Im deep Og +aeration Raw water 
Test tanks 10 3m x 0.7m Variable 1m3/hr Borehole 
1m deep 
Holding tanks 32x 2m Variable 1m3/hr Borehole 
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(i) Spawning arena. 
This was modelled on observations of a system which had been developed at Baobab 
Farm, Kenya (Haller, personal communication). It was constructed from concrete and 
plastered brick and was designed to exploit the mouth brooding behaviour of tilaplas 
to ease management of the system (see section 32). The tank was divided into three 
zones. Zone A, in the middle, was the area reserved for male tilapias to nest in. This 
zone was separated from the rest of the tank by a wall with apertures which were fitted 
with wire mesh grids. The males which were stocked into the tank were selected so 
that they were too large to pass through the mesh grids (300g+). Females were selected 
to be of a size which could pass through the grids (<200g). They could pass freely 
between zone A and zone B. The intention was that males would construct nests in 
zone A Females, when they were ready to lay eggs, would pass into zone A, lay eggs in 
the nest of a male and after fertilisation of the eggs by the male, would pick the eggs up 
by mouth and return to the relative quiet of zone B to incubate the eggs. Fly, on 
release by the female, would be attracted into the sloping area leading to the fry 
collection channel and into the fry collection channel. The channel was then emptied 
of fry when sufficient numbers had collected in it, by flushing them directly into the 
fry raceways. 
(ii) Breeding pond. 
This was built as a cheaper version of the arena. It was built with a concrete floor and 
plastered brick walls. It was rectangular in shape (10m x 20m) with one fry collection 
channel at one of the shorter ends. No dividing wall was constructed to separate males 
from females. Fry were collected in the fry collection channel using a fine mesh net, 
and transferred in the net Into the fry raceways. 
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011) Earth pond with fry collection channels. 
Two 30m x 12m earth ponds were excavated by hand. The bottom was left as earth, but 
the walls were lined with plastered brick A fry collection channel was built at each 
end of both ponds. 
(Iv) Earth ponds. 
Further ponds were excavated by hand but were not fitted with fry collection channels. 
Fzy from all of the breeding ponds were transferred to the fry raceways. 'These were 
shallow raceways fitted with fine mesh outlet screens (imm). Because of the low rate 
of water flow ((16 m3/hr), these were not self cleaning. Feeding of the fry with artifldal 
feed started in the raceways, meaning that they had to be leaned out daily. 
As soon as the fish were large enough they were transferred into the fingerling tanks. 
These were round tanks with centre screens. Inflow of water was controlled by valved 
two inch pipes with sparges which directed the flow tangentially in the tank These 
tanks were self cleaning 
Following the fingerling tanks the fish were transferred to 6D- ended tanks. All the 
pipework for these tanks was found locally. Construction was similar to the 
production tanks at the Rearing Unit (see below). 
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Figure 5 shows site B- the Rearing Unit. 
Water was supplied to the Rearing Unit through a pipeline from the main water 
header tank to the sugar factory. This to turn was filled by gravity from a dam on the 
estatewhich was filled with water pumped from the Kafue River. The farm pipeline 
also had the facility to draw water directly from the dam, bypassing the sugar factory 
header tank Water from the factory header tank passed by an eight inch steel pipe to a 
mixing tank situated halfway between the farm and the factory. This was constructed 
to allow mixing of ambient temperature water from the factory header tank with 
warm water from the factory cooling system to raise Winter water temperatures on 
the farm so that fish growth could be maintained throughout the Winter. The sugar 
factory normally only operated during the dry season (April - October) which 
coincided well with the farm requirement for warm water of May to September (see 
Figure 2). Factory cooling water was normally recirculated repeatedly round the factory 
cooling system. The cooling water was intercepted on the way to the cooling ponds at 
which point it the normal temperature was 40 - 45°C. Apart from the mornings of two 
days each week when maintainence work was being carried out in the sugar factory, 
the pressure in the supply pipe to the cooling ponds was sufficient to lift water to the 
mixing tank During the maintatnence periods, a pump was used (3 kw electric pump). 
Mbdng was controlled manually by adjusting the settings on the valve supplying dam 
water and the valve supplying warm water at the mixing tank Water temperatures 
were checked every hour and maintained at 250C (+/-2) throughout the Winter. 
The mixing tank also served as a direct header tank for the farm, evening out 
fluctuations in pressure from the main factory header tank and reducing the working 
head on the farm to a safe level. Water was carried from the mixing tank to the farm 
by a buried eight inch asbestos pipe. The normal flow rate of water through the pipe 
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was 160.180 m3/hr, however the pipeline could have carded much higher volumes 
than this. 
A borehole was drilled at this site as a back-up water supply. The yield was 
approximately 3 m3/hr and this was normally used to supply the non-production 
tanks. 
Figure 6 shows a schematic diagram of one of the main production tanks. Tanks 11-20 
were constructed from kits supplied by Kingfisher Tanks Ltd., Essex, England, 
consisting of polystyrene filled glass reinforced concrete panels, assembled on a 
prepared base, glued together and held together with straps. Tanks 1-10 were built out 
of locally available materials, with concrete bases and plastered brick walls of the same 
dimensions as the imported tanks. Despite constuction costs for the locally built tanks 
being similar to those for the imported tanks, local construction was obviously 
preferable because It did not involve the purchase of foreign exchange. All the tanks 
used imported fittings including inlet pipework, outlet pipework, outlet sumps and 
aerators. Water flow to each tank was through two, 2 inch, valved, inlet pipes with 
directional jets so that a directional water flow was set up in the tank The normal 
flow rate of water into each tank was 8 m3/hr. 
Each tank was continuously aerated using directional flow aerators (Kingfisher Tanks 
Ltd). The aerators were designed to lift water from the bottom of the tank and eject it at 
the surface in the same direction as the water flow set up by the water inlet jets. This 
achieved thorough mixing of the water in the tank coupled with aeration. With the 
aerators in operation, the normal water flow around the tank was 5 m/minute, 
without aeration the flow dropped to less than 2 m/minute. The main function for 
flow was to keep solid wastes in suspension until they were removed with water 
passing through the outlet screen. The level of water in the tank was maintained by a 
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standpipe on the outside of the tank Although most of the solid wastes were removed 
from the tank during normal operation, the tanks were flushed periodically (2 x /day) 
by removing the top section of the standpipe. This removed any accumulation of 
wastes which might build up around the outlet screen or sump. 
Each set of ten tanks was supplied with air from a centrifugal blower originally 
supplied with 5 horse power electric motors. Within the first few months of 
operation, both motors had burnt out, probably as a result of overheating due to 
voltage fluctuations caused by lightning storms. The motors were rewound in the 
factory workshop, however they continued to bum out and the situation was not 
resolved until they were replaced with 7.5 horse power motors. 
The feed processing system is described in Chapter 4. 
0 
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OPERATION OF NAXAMBALA TILAPIA FARM. 
3). Dc5I d pc fcx n uu e of the production system. 
This chapter concentrates solely on results from the production system. Results of 
experfinents canted out to research tanks are described in Chapter 7. 
The farm was designed to operate as shown in Table 4, giving a total production cycle 
of eight months. This was, however, complicated by the fact that breeding was 
seasonal so the Hatchery had to hold fluctuating stocks of juveniles depending on the 
season, to allow continuous production at the Rearing Unit. 
Table 4 Operation of the farm. 
Fish Weight Period of 
By Raceways Fry 18 3 weeks 
Fingerling Tanks 18 5g 3 weeks 
Fingerling Raceways 5g 15g 6 weeks 
Production Tanks 15g 200g 5 months 
TOTAL =8 months 
It was anticipated that the farm would produce 50 tonnes of fish per annum. It was 
also felt that this production should be based on hybrids of C, d ivmisnilotlcus and 
Cv hIu nis awew as hybrids had been reported to have significant advantages over 
purebred tilapias in terms of growth (Avault and Shell, 1966; Pruginin et at 1975; 
Hough, personal communication). 
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31 Fish brig pa hm oe. 
The breeding behaviour of the nest building mouth brooding tilapias, to which all the 
species being considered for cultivation at Nakambala belonged, has been described by 
a number of authors (haar eta1,1966; Huet, 1972; Balarin and Hatton, 1979). The male 
fish makes a nest on the bottom of the pond by scooping out a shallow depression 
with his body and lifting material from the centre of the nest to the outside with his 
mouth. The precise form of the nest varies with the species (haar et al, 1966). The 
female, when she is ready to spawn, approaches the nest and is actively courted by the 
male. After some time, the female lays her eggs in the nest, which are fertilised 
immediately by the male. The female then picks the eggs up In her mouth and leaves 
the nest area, leaving the male free to pursue another female. The female incubates 
the eggs in her mouth fora period of around 5 days (depending on the species) and 
holds the fry in her mouth for up to two weeks. When the fry first appear from the 
mouth of the female, they retreat quickly on the first sign of danger. Gradually they 
become more independent so that at three to four weeks, they have left the female 
completely. In most species the female can lay another batch of eggs within two to 
three weeks of leaving the fry, provided the water temperatures remain sufficiently 
high. The fry, on leaving the protection of the female, are very vulnerable to 
predation. They generally congregate in shallow and warm water. 
Because none of the local species of tilapias had been shown to be capable of being 
farmed intensively, O, 'ahrnmis niloticus and O, rhivmis aw us were imported in 
June 1982 Approximately 200 of each were bought from the University of Stirling at 
sizes of between 1- 5g each Substantial mortalities of these were encountered, 
reducing the surviving numbers of individuals at the end of the Winter in 1982 to 
around 200 O. auras and 23 O. nilodcus As it was dear that it would be some time 
before these fish could be used as the broodstock for the farm, it was derided to stock 
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the farm with some of the indigenous dchlids. The most abundant in the Upper 
Kafue system were JZ plj nmdaJ4 oakinfs nwavdz& and C tvc1zrrinfs 
a id&' nff Q maavailr in particular were readily available in irrigation dams on 
the sugar estate. Maar e(al (1966) reported that Q mwa vdU- was widely used in fish 
culture in Zambia and further north, however growth was lower with O. macrochir 
than with Q andez rzI in pond culture. Following a number of unsuccessful fishing 
trips on the Kafue river, during which less than ten Q andeison# were caught, it was 
derided to stock the breeding system with a nwavch& from the irrigation dams. 
Each of the first two breeding ponds, (the arena and breeding pond 1) were stocked 
with 280 females (150 - 200g individual weight) and 40 males (300g +) of Q inatnrlth 
in September 1982. This sex ratio was based on advice from Baobab Farm in Kenya 
(Balarin, personal communication). Breeding commenced almost immediately. The 
fish were fed fingerling food (see table 11) at approximately 1% of bodyweight/dayand 
fry removed periodically (see discussion below on spawning systems). These fish were 
used as the main broodstock throughout the 1982/3 breeding season. Subsequent 
growth of the progeny proved to be disappointing (see Table 6), so the breeding ponds 
were stocked with Q andersanii and O. aureus for most of the 1983/4 breeding 
season In 1984/5 the breeding programme was widened to Include Q nillo s/Q 
arnaus hybrids and pure Cl nilotiavs The fry production rate of the hybrids was very 
poor (see Table 5) so breeding concentrated from 1985 onwards on pure Cl JZhbb cs 
Table S. Record of tüapia fry production for each year(Fry/female/month). 
Qvcx Wurnis mjavaV 76 --- 
Ohyac*tznts andmmfl - 69 -- 
Ohvorlwmnis aureus - 57 32 
Oi' orhnunb- nilobLw -- 28 63 
O. nilollcusx Carus -7 
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Table 5 summarises the breeding performance of the different species over complete 
breeding seasons. These figures were calculated by counting up the number of 
surviving fry of each species in the production tanks at the end of each breeding 
season. These totals were divided by the number of females of each species used for 
breeding in that season and the number of months during which those females were 
actively reproducing to give a figure of fry per female per month Although these 
incorporate a number of variables including changes in husbandry techniques with 
time and the particular breeding system used for each species, they can be used as a 
rough comparative guide for the different species. Some species bred more easily than 
others. Q maa+iir showed the highest fry production rate at 76 fry/female/month, 
whilst hybridisation between Q niJodcus and O. axvus produced a very low fry 
production rate of 7 fry/female/month. This poor breeding performance ruled out the 
concept of farm production being based totally on hybrids. 
Improvements in management of breeding ponds accounted for the rise in breeding 
performance of Q nhoEiivs between 1984/5 and 1985/6. The principle change in 
management was the rigorous emptying of each breeding pond every month. 
Without this frequent emptying it was found that despite fry being collected regularly 
from fry collection channels, some fry would remain in the pond. These fry rapidly 
became cannibalistic on newly hatched fry thus reducing the overall fry production 
from the pond This problem was also described by Benios-Hernandez and Snow 
(1983). They found that with Q aumus spawning in small plastic ponds, the highest 
productivity was achieved by removing eggs from the females and hatching artificially 
(580 fry/female/month) whereas the most economical system was to remove fry from 
the pond after they had been released by the female (560 fry/female/month). Leaving 
the fry in with the broodstock resulted in fry production of 16 fry/female/month. 
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Although these figures are not directly comparable with those in Table 5 because the 
Nakambala figures are calculated from surviving fingerlings at the end of the breeding 
season and not swim-up fry, the productvities achieved in these experiments indicate 
that there is scope for improvement in broodstock management at Nakambala. 
Maar efal(1966) suggest that Q'naovchtr females should be able to produce 3000 - 
4000 eggs/annum (500 - 600 eggs/female/month), although it is dear that not all of the 
eggs will be viable. In an artificial hatching system in which the eggs were removed 
from female CP ur. vnfsmresamb Subasinghe and Sommerville (1985) found 
that only 55 - 62% of the eggs survived to hatching if prophylactic disinfection was not 
carried out. Santiago et at (1985) demonstrated the importance of a high quality 
broodstock diet in terms of fry production and maintainence of broodstock condition. 
They achieved fry production rates with Q nilol/cus, in suspended cages (hapax) and 
small tanks ranging from 21 - 336 fry/female/month The breeders were either fed no 
supplemental feed at all, a feed containing 20% protein, or one containing 40% 
protein Highest fry production rates were consistently shown in those fed the 40% 
protein feed Another factor which has a strong influence over fry production is the 
size of the female. Ruwet el al (1975) reported that the number of eggs produced by 
female O. ni/odcus ranged from 186 for a fish of 112mm total length to 545 for a fish 
of 140mm total length. 
Four designs of spawning pond were used over the course of the project as described 
in section 2.3. Systematic data were not collected on the fry producton rates of each 
system because fry were generally not counted until they were transferred as 
fingerlings from the hatchery to the rearing unit. By this time the Individual batches 
had been mixed by amalgamation and grading of the fish so that the origins were 
unclear. Comparison of the productivity of the different types of breeding ponds is 
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based on visual estimation of the number and frequency of fry transfers from the 
breedfng ponds to the raceways. 
(1) The arena was expensive to build (ZK11000 in 1982). Although the fry collection 
system wonted well, some of the fry remained in the centre sections and had to be 
removed periodically to stop cannaballism. The circular configuration and the 
separate compartments made it very difficult to catch the fish. 
(ii) The breeding pond cost considerably less to build than the arena (ZK6000 In 1982). 
It proved to be no less productive and because of the rectangular shape, sloping bottom 
and lack of compartments, it was much easier to catch the fish when the tank was 
being emptied. Another advantage of the lack of compartments was that there was no 
restriction on the size of female which could be used. As discussed above, large 
females produce more eggs per batch. 
(iii) Earth ponds with fry collection channels. These were built in 1983 at a cost of 
ZK2500 each Fry collection from the channels combined with emptying every 4-6 
weeks, allowed these ponds to achieve similar productivities to those in the arena and 
breeding pond. Care had to be taken when the ponds were emptied as the nests made 
by males left puddles of water in which substantial quantities of fry could survive if 
they were not emptied out completely. 
(iv) Earth ponds were excavated by hand at an approximate cost of ZK1000 each. If they 
were managed property by emptying every 4-6 weeks, the fry production was just as 
high as with the other systems. 
The conclusion of the comparison between the systems was that an easily emptied 
earth pond was probably as effective as more elaborate stuctures such as the arena and 
was considerably cheaper. 
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3.3. cmwth of fish to the production system. 
Fry from the breeding ponds were stocked into the fry raceways, where feeding with 
artificial feeds commenced The fish started off being hand fed, on fry powder food, ad 
IMum. The raceways were stocked by eye, in the region of 3000 - 5000 fry/raceway. 
The fish remained in the raceways for 3-4 weeks. Movement of the fish was not 
carried out until they looked strong enough to withstand the higher current velocities 
in the fingerling tanks. Average weight at this stage was less than one gramme. 
Generally three raceways were stocked into each fingerling tank Feeding in the 
fingerling tanks started with fry powder but was changed soon afterwards to a mixture 
of fry powder and fingerling crumble fed ad kbitum The fish remained in the 
fingerling tanks for 3-4 weeks before being transferred to the D- ended tanks. By this 
time they were being fed wholly on fingerling crumble. The quantity of food fed was 
determined by sample weighing of the fish (see below) and calculating a daily ration 
for each tank Although this ration was based on a %age of the body weight of the fish, 
this was not fixed and was adjusted according to observations on growth and 
performance of the fish. They remained in the D- ended tanks for at least 6 weeks, 
growing from around 3g to between 5 -10g At this size they were graded (by hand on a 
grading table), and transported in plastic drums half filled with water to the rearing 
unit. This growth cycle in the hatchery meant that the first fingerlings of the breeding 
season (hatched In October) were available for transfer to the rearing unit in 
January/ February. 
Each of the rearing tanks was stocked with around 10000 fingerlings of 4- log average 
weight. These were fed a daily ration by a combination of hand feeding and with 
demand feeders, initially continuing on fingerling crumble, but transferring to 
pelleted grower food at 30g average weight. Grading and separation of the fish was 
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carried out at between 50 and 100g to leave 5000-6000 fish/tank The target weight was 
200g/fish although fish of under this size frequently had to be sold to maintain 
turnover. 
Fish in all the tanks at the rearing unit and fish in the fingerling and D- ended tanks 
at the hatchery, were routinely sample weighed every two weeks. The water level In 
each tank was lowered and a sample of at least 100 fish was collected by hand net. The 
fish were then anaesthetised In benzocafne (1: 15000) and bulk weighed using a bucket 
and hanging scales. From these weighings rations were calculated and records kept on 
growth rates and food conversion ratios. 
Table 6 summarises the growth rates achieved in the Rearing Unit over the period 
1982 - 1986. The figures are calculated from tanks of fish on which at least four 
consecutive weighings had been carried out without fish being added or taken out 
(except for routine mortalities). Whilst they are split up into different species they also 
relate to other variables such as different stocking densities (10 - 100kg/m3), size 
ranges(5 - 200g) and feeds (see chapter 5). Generally it can be seen that growth rates 
improved with time reflecting that the species of fish stocked were capable of faster 
growth and that husbandry conditions improved to allow expression of that growth 
potential. 
Immediately after the farm was commissioned the rearing unit was stocked with 
juvenile ? llapia 'endfalb netted from Irrigation dams. These showed very poor 
growth and were replaced in early 1983 with O. mao vrh/r produced in the Hatchery. 
Although initial growth looked promising, this was not sustained and growth slowed 
dramatically once the average weight of the fish reached 70 - 80g (S. G. R's < al). This 
was at stocking densities of less than 30 kg/m3 which was much lower than the 
stocking densities used by T. LT. S. at Tihange in Belgium (Hough, personal 
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Table ä Average Specific Growth Rates' in the Rearing Unit 1982 -1986. 
a nwavdth 0.45+/-0.41(12) --- 
Q andersartß' 0.91(1) 1.46+/-0.13(4) 1.75(1) - 
Q arcs 1.06(1) 1.76+/-0.55(7) 1.64+/-0.47(18) 
Q nlUoffcus -- 203+/-0.41(5) 328+/-0.48(8) 
oiwo&wxQ awvuc - 1.75+/-1.15(2) 1.78+/-059(4) - 
Q inff cam(o 2.98+/-032(2) 3.1(1) 
Figures presented as: Average S. (1 R+/-Standard deviation(No. of samples). 
" Specific Growth Rate(SGR) = (logew2 - logewl). 100/t 
wi = average weight of fish at start of test period; w2 = average weight of fish at end of 
test period; t= length of test period in days. 
communication). Nevertheless one of the tanks was split into two tanks, with no 
consequent improvement in growth rates. This led to the conclusion that O. 
maarr/zr was inherently unsuited to intensive culture. The few O. andersonii and 
O. awvus hatched in 1982/3 grew much better than the O. maarxfin (see Table 
6). When fry of these species became available the following year they were stocked 
into the farm along with one tank of 0.. aureus/O. n/lotrcus hybrids. 0.. aumus 
achieved higher growth rates than 0.. andeisonif and similar growth to that of the 
hybrids. The following year more O. aurvus O. nilodcui O. aunus/O. ni/oiicus 
hybrids and Mirror Carp became available for ongrowing, As can be seen in Table 6 
highest growth was achieved in 0 n//obcus and Carp. Fry production in the 1985/86 
breeding season had concentrated on O. niloiicus and at the time of completion of the 
study (December 1986) these fish were showing the most consistently high growth 
rates achieved at any time on the farm. 
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These growth rates compare well with those quoted by other researchers. Maar et a! 
(1966) quoted growth rates corresponding to S. G. R's of 1.42 and (192 for Q amJeisanui 
and Q macrrxlifr respectively, in ponds. Viola and Zohar(1984) reported specific 
growth rates of between 0.67 and 1.44 with large(106g+) hybrid tilaplas (Qni otlc cx 
O. aw'u. in a variety of trials. Zohar, Rappaport and Sang (1985) reported specific 
growth rates of up to 1.31 with 140g male OMMtm x Qaw '«c in intensive tanks. 
Higher growth rates are normally observed in small h'laplas than in larger fish. Barash 
(1984) reported specific growth rates of 32 to 4.8 for an lb&- zc x O. aravus hybrids 
and "Red Tilapia" from Taiwan of weights between (18g and 33g. 
at Food conversion ratios in the production system 
Food conversion ratios(weight of food fed divided by total weight gain of fish) were 
calculated for each tank on a fortnightly basis. This was used to calculate the ration for 
the fish in each tank for the following two weeks. The data collected has not been 
analysed systematically because it was felt that there were too many inconsistencies 
over the course of the project. F. CR's depend not only on the performance of the fish, 
but also on the feeding rates employed by the farm manager. In situations where there 
Is low growth, F. CR's quickly become large numbers, and where there is no growth or 
weight loss, the F. C. R. becomes Infinite. It was found that these anomalous results 
tended to skew F. C. R. figures. It was decided instead to work out Food Conversion 
Ratios for the farm. This was calculated at three points near the end of the study by 
dividing the weight of food used on the farm in each month, by the weight of fish 
production (estimated fish weight gain + weight of fish sold) during that month. The 
results are shown in Table 7. As can be seen, food conversion ratios improved 
dramatically between September 1985 and March 1986. This was probably as a result of 
improved feed formulations and improved strains of fish held on the farm Food 
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conversion ratios reported from Israeli researchers vary from 1.15 to 42 (Barash, 1984; 
Zohar, Rappaport and Satig 1985, Viola and ArMeN, 1983), but figures around 2 are 
usually considered to be reasonable (jauncey, personal communication). 
Table7. Food Ccx ersinn Ratlos for the Farm from September 1985 to March 1986. 
Weight of food used Weight gain of fish Food Conversion Ratio 
September 1985 92 28 328 
January 1986 8.92 3.68 243 
3.5. Choice of fish Sperms for almue. 
The two most important factors which emerged during the study regarding choice of 
species to be farmed, were ease of breeding and achievable growth rates. Of the 
indigenous species, O. andersonll showed the highest potential with high fecundity 
and reasonably high growth rates. This is consistent with Maar el al (1966), who 
suggested that O. ande sonil shows better growth than Omac ochir in ponds, 
however they also suggested that only one brood of eggs per season was produced by 
each female O. andeisonll and that the number of eggs produced was lower than for 
other species. This is not consistent with the data presented in Table 5 which shows 
that O. andersonil was the second most prolific breeder. O, nilolicus became the first 
choice once a broodstock population had been built up as fry production rates were 
high and growth rates were well above any of the other cichlids. Concentrating on O. 
nlJc cc also removed the considerable problems brought about by trying to 
maintain several distinct broodstock lines. This meant that all the available tanks and 
ponds were able to be utilised for fish production 
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CHAFTER& FEED RAW MATERIALS AND THEIR AVAILABILITY IN 
ZAMBIA. 
4.1. The Zambian Animal Feed bndustiy. 
The Zambian animal feed industry is relatively young developing in the late 1960's 
and through the 1970's. It was built up to service the needs of the Intensive poultry, 
pig and cattle rearing enterprises which arose at this time, to provide good quality 
meat to the increasingly urbanised population. The feed industry was based on 
conventional formulations used in more developed countries, which necessitated the 
importation of many of the ingredients such as fish meal and vitamin premixes. 
In the late 1970's and early 1980's the Zambian economy declined rapidly, mainly due 
to a weakened market for the principle export, copper. This resulted in foreign 
exchange becoming very scarce. At the same time the Zambian currency was protected 
by exchange control restrictions so that it was overvalued compared to other 
currencies, Although foreign exchange was scarce, this made imports cheap so there 
was no incentive to replace imported ingredients with relatively expensive locally 
produced ingredients. 
The situation became worse in 1984 and 1985 so that foreign exchange became almost 
impossible to obtain. As the feed industry was still using formulations requiring high 
levels of imported ingredients, this led to the virtual collapse of the poultry and pig 
fanning industries. In late 1985 a new system was introduced for the allocation of 
foreign exchange which resulted in the Kwacha being drastically devalued This new 
systemmadeaccessto foreign exchange easier, but also much more expensive, which 
put pressure on the feed manufacturers to use more locally grown materials. This also 
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led to Zambian crop farmers receiving better prices for their produce which stimulated 
them to produce more. In this new situation the feed companies tended to import 
only what was actually essential such as concentrates of vitamins, minerals and 
essential amino adds. 
This was the economic climate that the Nakambala Tilapia Farm had to operate in 
Following from the decision to farm using an intensive system, It was essential to 
provide a complete feed for the fish This feed would have to be produced totally from 
locally available ingredients otherwise the project would have no hope of being 
sustained, given the uncertainties surrounding the availability of foreign exchange. 
42. Feed Analysis. 
The Nakambala Tilapia Farm did not have facilities for the nutritional analysis of 
feedstuffs. This meant dependance on outside analysts to test feeds used in feed trials 
and routine testing of production feeds. A variety of analysts were used: 
(1) Tate and Lyle Research and Development(T. & L), Reading, England. 
(2) Institute of Aquaculture, University of Stirling Stirling Scotland. 
(3) National Milling Company, Lusaka. (N. MC) 
(4) National Council for Scientific Research (N. C. S. R), Lusaka. 
(5) National Irrigation Research Station (N. I. R. S. ), Nanga, nr. Mazabuka. 
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Both Tate & Lyle and Stirling carried out proximate analysis ( nude protein, ether 
extract, crude fibre and ash) as well as amino add analysis, however it was often 
difficult to get samples to them as they could not be posted in Zambia and so had to 
wait until they could be hand carried for posting in U. K Whilst the results were 
undoubtedly accurate they were usually slow in coming often taking a number of 
months. 
The National Milling Company and the National Coundl for Scientific Research were 
equipped to canny out proximate analysis, but could only test a limited number of 
samples and were slow to return with results. 
The National Irrigation Research Station was only 10km from the sugar estate. It was 
quite well equipped for soil analysis and had a British trained chemist. It was always 
short of chemicals but an arrangement was made where chemicals were supplied by 
Nakambala for the testing of samples from the fish farm. N. I. R. S. was only equipped 
to test for moisture, crude protein and ash, however results were usually ready within 
two days, making the facility ideal for routine sampling of feeds. 
The methods used in all the laboratories were based on A. OAC, methods(Hotwitz, 
1980). Amino add analysis at the University of Stirling was with an LKB 4151 alpha 
plus amino acid analyser, following manufacturers recommended procedures for 
protein hydrolysates. 
Because of the limited analytical facilities available, most analyses are the results from 
a single sample of feed or feed ingredient, however care was taken to ensure that the 
sample was representative of the complete batch by amalgamating at least two 
subsamples from different parts of the same batch or container. 
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43. Plsh and Fish 1hoduc 
In Zambia, fish form a substantial part of the human diet, providing about two thirds 
of the animal protein consumed in the country (Black 1981). A wide range of species 
are caught in the rivers and lakes and almost any size or type is acceptable for human 
consumption. The original plan for the fish farm was to process fish caught in the 
irrigation dams into fish meal to use in the feeds. A list of species present in the dams 
is given in Table 8. 
Table & Fah species caught in the irrigation dams on Nakambala Estate. 
CChrrvnis nwavaUr 
OA00O mails andeisonli 
Hap b*m7 tr dan6 w 
. Senanorhmmis angusticeps 
Swvnvchr=* m ephahis 
-5krrA r x*tm* mbuOw 
271ap/a mndag 
Mapla s nanf 
fastacemia is mellan 
. S) odon& Jeq an1riuc 
©aj ias pi epinus 
&'hr7be m 
Barbus spfa 
Affaalwes acWens 
47 
In most countries fish, In the form of fish meal, makes up the majority of protein in 
aquaculture diets (Hepher, Sandbank and Shelef, 1978). An alternative method of 
processingfor small quantities of fish is the production of fish silage. This method is 
used in some specialised locations, particularly If the supply of fish for processing is 
not adequate for a fish meal plant to be constructed (Raa and Gfldberg, 1982). Fish 
silage production is carried out by the addition or production of add to minced fish or 
fish offal, so that the pH Is lowered to levels where the silage is protected from 
degradation due to insects, fungi or bacteria The advantages of fish silage production 
over fish meal production are (Raa and Gildberg 1982; Gohl, 1981} 
(i) The energy requirements are much lower. 
(0) It does not smell so much 
(iii) Capital investment in equipment is very low. 
(iv) Fish silage is effectively sterile. 
(v) Silage can be sun dried as the evaporating adds repel insects. 
At the start of the project fish were caught in the dams and used in the feeds. Apart 
from a small quantity which were sun dried, they were usually made into a 
carbohydrate fish silage with molasses as described in Chapter S. The results of 
proximate analysis of feedstuffs are presented in Table 9. This shows that the samples 
of fish silage which were taken, were very high in fat, probably because they were 
made up largely from fish offal left after gutting of large fish caught in the irrigation 
dams. The samples also had quite high ash levels. This resulted in a low average crude 
protein level of 30.3% of moisture free weight. There have been mixed reports on the 
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value of fish silage in feedstuffs. Wood, Capper and Nicolaides (1985) found that add 
preserved fish silage contained similar amounts of crude protein but significantly 
lower amino add and higher non-protein nitrogen levels than add preserved cooked 
fish or fish meal made with the same material. In feeding trials, growth in carp was 
depressed by the replacement of fish meal or add preserved cooked fish with fish 
silage. They suggested that this may have been due to leaching of ingredients or the 
action of thiaminase on thiamine levels in the feed. Raa and Gildberg (1982) reported 
that fermented fish silage had good nutritional quality with the biological value of the 
protein similar to that of skimmed milk powder or fish meat 
As the volume of fish feeds being manufactured increased, it soon became apparent 
that more fish would be required than could be caught in the dams. Although 56 
hectares of dams were available, the productivity was very low. The highest average 
annual yield was in 1983 when 48kg/ha was caught. It was also dear that it did not 
make economic sense to turn fish which could be sold directly for human 
consumption into a fish feed ingredient. According to Barlow (1976) 1000kg of fresh 
fish will produce 212kg of fish meat If this was used in a feed at a modest inclusion 
rate of 10%, then 47 tonnes of raw fish would be required to manufacture 100 tonnes of 
fish feed. At a food conversion ratio of 21 this feed would produce 50 tonnes of 
fanned fish, almost the same quantity of fish as was used to produce the fish meal. 
This is acceptable if the fish used in the fish meal cannot be used directly by humans or 
is of very low value but this was not the case in Zambia High quality fish such as that 
produced on the fish farm commanded a premium over the small mixed fish caught 
in the dams but this was not enough to make it worthwhile to process the dam caught 
fish into fish feed. 
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Table 9. Nuhitional anaiysfs of feeds and feed ingredients (Crude Prrotein, Ether 
extract, Crude Fibre and Ash expressed as %age of Moisture Free Weight). 
Fish Silage 724(1) 30.3(2) 43.4(2) 1.95(2) 16.4(2) 
Dried Fish 72.8(1) 53.1(2) 25.1(1) 3.6(1) 16.8(1) 
Kapenta 8.6(2) 69.9(3) 92(1) N. D. 13.5(2) 
Blood Meal(CSBZ) 9.0(2) 92.6(2) 02(1) N. D. 5.0(2) 
Carcase Meal(CSBZ) 5.8(2) 49.9(2) 11.5(1) N. D. 243(2) 
H. Feather Meal(Nak) N. D. 71.9(1) 2.5(1) 18.1(1) 2.0(1) 
Raw Soyabeans 67(l) 44.3(1) 11.8(1) N. D. 4.7(1) 
Soya Oilcake(Sc rew 1') N. D. 50.8(1) 3.4(1) 17.0(1) 62(1) 
Full Fat Soya(Cooked) 9.5(3) 41.4(3) 15.7(1) N. D. 4.8(2) 
Sunflower Oilcake 63(6) 30.6(6) 2.1(1) N. D. 5.8(4) 
Cottonseed Oilcake N. D. 19.5(1) 23.6(l) 23.9(1) 22.5(1) 
Maize 10.4(1) 10.6(2) 3.7(2) 22(1) 1.6(2) 
Wheatings 112(3) 14.7(4) 3.7(2) 4.0(1) 4.3(3) 
Sorghum 10.9(1) 11.6(1) 3.5(1) N. D. 1.7(1) 
Bagasse/ Molasses 13.3(4) 29(4) 0.5(2) 14.0(1) 9.4(l) 
Leucaena 9.5(6) 22.8(6) 32(3) 8.5(1) 9.4(5) 
Lucerne-Average 9.5(4) 27.9(8) 1.3(3) N. D. 7.5(8) 
- one week old 9.9(1) 34.4(1) 1.7(1) N. D. 126(1) 
- two week old 103(1) 262(1) 1.1(1) N. D. 11.3(1) 
- three week old 83(1) 20.3(1) 1.1(1) N. D. 9.8(1) 
Yeast 13.7(2) 442(2) N. D. N. D. 9.5(2) 
Algae N. D. 24.4(5) 0.8(3) 33.4(3) 32.5(4) 
Each figure is the average of the number of samples indicated in parentheses. Raw 
material sources are described in the text of Chapter 4 and processing methods in 
Chapter 5. N. D. - not determined. 
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Tab18(ContinuedUNutritiona1 analysis of feed ingredlents(Essential Amino Adds as 
%ages of Crude ProteinXAnalyses carried out by Inst. of Aquaculture, Univ. of 
Sttiiing). 
ARG RIST ISOL LEU LYS METH PHE THR TYR VAL 
Kapenta 33 1.7 29 4.6 5.4 1.4 28 29 21 3.4 
Blood Meal 3.0 4.3 9.9' 7.1 1.4 55 3.8 23 6.4 
Carcase Meal 6.9 1.4 72' 5.1 1.5 28 32 21 4.4 
Fu11Fat Soya 8.1 25 42 6.9 5.9 02 4.5 6.0 29 3.8 
Sunfl'r oilcake 52 1.8 3.0 4.9 29 0.5 33 26 1.5 4.4 
Maize 24 1.5 5.8' 1.7 0.9 2.0 1.7 12 2.8 
Wheatings 3.7 13 1.4 32 2.2 0.2 2.1 1.8 13 23 
Sorghum 45 29 232' 33 20 7.9 3.7 62 62 
Leucaena 23 0.7 1.1 3.8 28 0.6 21 1.8 1.8 23 
Lucerne 25 12 27 4.3 3.4 0.4 28 26 1.6 4.1 
71apia reqs. 28 1.0 20 3.4 3.8 1.0 2.5 29 0.4 22 
ARG = Arginine, HIST = Histidine ISOL = Isoleudne, LEU = Leudne, LYS = Lysine, 
METH = Methionine, PHE = Phenylalanine, THR = T reonine, TYR = Tyrosine, VAL 
= Valine. I Tapia reqs. = requirements for tilapias as in table 2 
' In these cases the amino acid analyser was unable to distinguish between peaks for 
isoleudne and leucine. 
Note: Tryptophan cannot be determined in acid protein hydrolysate. 
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During 1984 and 1985 dried fish were bought from Kafue Fisheries Ltd. near Kafue 
town. These fish came from an extensive tilapia farm which often had a large quantity 
of small tilaplas at harvest, produced by over-reproduction of the adult fish The farm 
found that it was easier to dry the small fish In the sun and sell them to Nakambala 
rather than sell them directly for human consumption. Whilst the analysis shown in 
Table 9 seems to indicate that the quality of the dried fish was reasonable, it was 
actually very variable. Insect infestation often left little apart from sidn and bones, 
particularly during the rainy season, when sun drying would be slow and the fish may 
occasionally be caught in showers. Barlow (1976) referred to the problems relating to 
the sun drying of fish, including the likelihood of Insect infestation and bacterial 
contamination, however he also acknowledged that it was still carried out in some 
parts of the world because there was little or no capital requirement for process plant 
and no running costs apart from labour. Purchase of this product at Nakambala was 
discontinued when other protein sources became available in reasonable quantities. 
Most fishing in Zambia Is carried out at an artisanal level in small boats using seine or 
gill nets. The only industrial scale fishing Is carried out on Lakes Kariba and 
Tanganyika for kapenta. This Is a small freshwater anchovy (Iimnottvissa mioio4 
which is native to Lake Tanganyika and was introduced into Lake Kariba shortly after 
its formation in the late 195tTs. Kapenta is usually caught by attracting a large shoal to 
a submerged light at night and drawing a net up from underneath the shoal. The fish 
are then sun dried and sold for human consumption. Because the product was sun 
dried the quality was not always uniform, particularly at the start and end of the rainy 
season when drying might be interrupted by rain. Interrupted drying often caused the 
kapenta to break up, which was not usually acceptable for human consumption. The 
fish farm was able to buy this as second grade kapenta at reasonable prices, although 
the supply was variable. Fairly regular supplies became available from 1985 onwards 
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and kapenta became one of the main protein sources in the fish feeds. Table 9 shows 
that kapenta contained high levels of protein, with a good distribution of essential 
amino adds. Although the amino add levels are well below those published for 
ingredients such as Herring whole meal (Gohl, 1981), they compare favourably with 
the amino add requirements suggested for tilapias (see table 2). In all cases the level of 
amino adds present in kapenta was higher than or equal to the the requirement. 
Table 10 shows the availability and price of the different feed ingredients during the 
period of study. Kapenta became the main source of fish protein as the project 
progressed becauseit was usually available was easily handled and was of consistent 
quality. 
CC. AnbTLal Byp a, 
These were used to make up for deficiencies in protein resulting from the shortage of 
fish proteins for the feeds. 
The first animal protein source to be exploited was blood from Mazabuka Council 
Abbatoir. Blood was the only part of the slaughtered animals which was regularly 
available and was not used for human consumption. It was supplied free, the only cost 
being that of transport for collection. Raw blood is a very inconvenient material. It 
must be processed immediately or it quickly succumbs to bacterial spoilage. The usual 
process used at Nakambala was to mix it with wheatings or maize and sun dry it. The 
main disadvantage of this operation was the uncertainty of knowing the dry matter 
content of the dried blood The blood collection system was poor and blood was often 
diluted with water. Two samples of blood mixed with wheatings at the same ratio on 
different days in July 1985 resulted in crude protein contents of 11.9% and 18.4%. 
53 
Table ID. Availability and prices of feed tngnedients. 
Fish silage 800' N. U. N. U. N. U. 
Dried Fish N. U. 3000" 3000" N. U. 
Kapenta N. U. 17500 25000 35000 
Blood Meal N. U. N. U. 2000' 3800' 
Carcase Meal N. U. N. U. 1750' 3500' 
Soya Beans 511 322 676 1246 
Sunflower Oilcake N. U. 327 360 360 
Maize 188 300 300 500 
Cottonseed N. U. 130 130 N. U. 
Wheatings N. U. 144" 160'" 160 
Molasses N. U. 25 25 25 
Leucaena N. U. N. U. 500 500 
Lucerne N. U. N. U. N. U. 500 
Yeast N. U. 70000 700'" 1000'0 
Approximate exchange 
rate of ZK to £258 13 
N. U. = Not Used 
"- Limited availability 
`"" Very limited availability (i. e great efforts had to be made to secure supplies 
of the product) 
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There was no way of monitoring this variability on a day to day basis. Encouragement 
was given to the abbatoir supervisor to produce blood meal by boiling and coagulating 
the raw blood (as described in Gohl 11981D in an open half oildrum but a dispute arose 
over the availability of firewood for fuel so production was discontinued 
During 1985 and 1986 significant quantities of commercially produced blood meal and 
carcase meal became available from the Lusaka plant of the Cold Storage Board of 
Zambia. These were produced from cattle slaughtered at the plant and were processed 
by dry rendering in a partial vacuum at 700C This source of blood meal proved to be 
very useful as the meal was of a consistent quality and was usually available. The 
quality of the carcase meal was varied, often containing visible lumps of bone. Table 9 
shows that the crude protein content of blood meal was very high (average = 926%) 
and it was a valuable source of essential amino adds, particularly lysine. Carcase meal 
had a much lower crude protein content, partly because of high ash content, but was 
still a useful source of essential amino adds. 
Another source of animal protein which was exploited was Hydrolysed Feather Meal 
produced from chicken feathers. These were processed according to methods described 
in Gohl (1981) (see chapter 5). In 1983 collection of chicken feathers from the Poultry 
Development Company in Lusaka started on a regular basis. The feathers were 
supplied free of charge, however they had to be collected from Lusaka and processed at 
Mazabuka using a pressure cooker made from an old compressor vessel heated over 
an open fire. Difficulties over transport led to feather collection being discontinued in 
April 1984. In late 1985 a pressure cooker was constructed at Nakambala Factory 
Workshop (see chapter 5). This was installed in the Lusaka plant of Zambia Pork and 
Poultry Products (ZA. P. P. ) who had taken over the Poultry Development Company. 
4.1 
The intention was that ZAP. P. would process the feathers and supply ZS. G with the 
resultant meal at an agreed price. Commissioning of the cooker took nearly a year and 
at the time of completion of the study, no significant quantities of hydrolysed feather 
meal had been supplied by by ZAP. P. to ZS.. Analysis of the resultant hydrolysed 
feather meals showed that they were high in protein(Table 9). Although Gohl (1981) 
reports that the amino acid balance is poor, the levels given are all equal to, or in 
excess of, the postulated requirements for tilaptas. 
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Oilseeds are generally grown for their high oil content but the byproduct cakes from 
the oil extraction process, and in some cases the whole seeds, are valuable protein 
sources in animal feedstuffs (Goh), 1981). Oil can be extracted from oilseeds by a 
number of methods: 
(i) Hydraulic press. The seed is ground, heated and wrapped in a loth before being 
subjected to intense pressure in a press. This causes the oil to be pressed from the seed. 
(ii) Screw pressing. This is a continuous process which involves forcing the oilseed 
through a perforated barrel casing under pressure. The pressure and heat generated by 
friction rupture the cell In the seeds, releasing on. This process was used at Nakambala 
and will be described more fully in chapter S. 
(iii) Solvent extraction. In this process, the ground seeds are placed in extraction 
vessels and covered with a liquid solvent (often hexane). Oil in the seeds dissolves in 
the solvent, the solvent is then removed and the process repeated until little oil is left 
In the meal. The solvent is distilled off the oil for reuse, and the meal is treated with 
steam to remove any residual solvent before drying. 
Generally the efficiency of oil extraction is greater by solvent extraction (<2% residual 
oil), than by screw pressing (5 - 10% residual oil), and screw pressing than by hydraulic 
pressing (Gohl, 1981). 
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As well as oil extraction, oilseed processing is often necessary to reduce the effects of 
antinutritional factors. The toxic factors in soya beans have been listed as trypstn 
inhibitor, saponins, haemagluttn, lipoaddase, antivltamins, phytic add, estrogens, 
flatulence factor and goitrogens, whilst cottonseed is reported to contain gossypol and 
cyclopropenoid fatty adds (Jauncey and Ross, 1982; Tacon of al, 1983). Many of the 
antinutritional factors in soya beans are heat labile and cooking is suggested as the 
easiest form of processing for soya beans (Jauncey and Ross, 1982; Gohi, 1981). Gohl 
(1981) suggests screw pressing as the best way to deactivate gossypol in cottonseed. 
Although the effects of these factors on tilapias have not been fully investigated, 
results of experiments carried out with other species show severe growth depression if 
untreated soyabean meals are used (Abel of al, 1984; Viola, Mokady and Ariell, 1983). 
Robinson eta! (1984) suggested that Q araeus seemed to be relatively resistant to 
high levels of gossypol, the major anti-nutritional factor in cottonseed. 
Soya beans, cottonseed and sunflower were used in feeds at Nakambala. Soya beans 
were either screw pressed or pressure cooked (see chapter 5). Cottonseed was screw 
pressed (see chapter 5). Sunflower oilcake was purchased from two sources. Refined 
Oil Products Ltd (RO. P. ) of Lusaka produced solvent extracted sunflower oilcake. The 
extraction plant was vastly oversized for the quantity of oilseed available, therefore the 
production of sunflower olicake was intermittent, limited in 1985 to a single 
production run of 2-3 weeks. Chemical Products Ltd of Lusaka produced screw 
pressed sunflower oilcake. This proved to be a more reliable supply as their extraction 
plant was much smaller and production was more or less continuous. 
Nutritional analysis of the oilseeds and oilseed meals is given in Table 9. Soya beans 
were readily available throughout the course of the project and were of consistent 
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quality, however the price rose sharply in 1986 (see Table 10). They provided 
substantial quantities of crude protein (40 - 50% depending on the processing method 
[see chapter 5l) with relatively high levels of lysine, however the methionine content 
(02% of protein) of the analysed sample was rather poor compared to published 
figures (1.4% of protein) given by Gohl (1981). Tacon et al (1983) were able to reduce 
the fish meal content of a feed for Rainbow Trout from 35% to 10%, by replacing it 
with various forms of soya beans, without any diminution in growth. Interestingly 
they found no significant difference in fish growth between those fed feeds containing 
the different soyabean products, including toasted full fat soya bean meal and hexane 
extracted soya bean meal 
Cottonseed was not used for long in the feeds because of problems with the screw 
presses (see Chapter 5). The result of proximate analysis of one sample of cottonseed 
olcake (Table 9) shows that it contained high levels of fats, fibre and ash, giving a 
cornespondingiy low crude protein level. The high ash content suggests 
contamination of the cottonseed with inorganic material Published results from other 
sources (Gohl, 1981) indicate that well processed cottonseed cake can be used to supply 
useful quantities of protein, with crude protein levels up to 47%, however this can 
only be achieved if the seeds are dehulled before oil extraction. 
Sunflower oilcake was of consistent quality, however the results of amino acid 
analysis indicate that the sample analysed had much lower essential amino add levels 
than those published elsewhere (Gohl, 1981). Sunflower oilcake was easy to use as it 
required no further processing before incorporation into the feeds. 
Oilseeds and oilseed cakes were regularly used to provide the bulk of protein in the 
tilapia feeds. Inclusion rates in the feeds varied between 20 to 30%. 
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4AHIghcad ana, ateingredienbL 
As discussed in chapter 1, carbohydrates are often the cheapest form of energy In 
tilapia feeds. An adequate supply can spare the use of protein for energy production. 
The main carbohydrate source used at the Nakambala Tilapia Farm in 1983 and 1984 
was Maize. This was because it was produced at Nakambala and so was easily 
available. Its use was discontinued in 1984 in preference for wheatings which 
although this product had to be bought in, were much cheaper (see Table 10), gave a 
lighter, slower sinking pellet and contained higher crude protein levels (see Table 9). 
Maize has also been reported to contain phytic add which has been shown to bind 
zinc manganese and copper, making them unavailable in feeds (Jauncey, pem 
comm. ). 
Wheatings were available as a byproduct of white flour production from the National 
Milling Company In Lusaka. Although some wheat was grown In Zambia, most had 
to be imported It was generally imported as whole wheat and milled in Zambia 
Wheatings was readily available as long as there was enough foreign exchange for the 
country to import wheat. With the decline in the intensive livestock production 
industry the millers often had difficulty in selling the wheatings so the price remained 
stable over the years (Table 10). Inclusion rates used in the feeds were between 30 and 
45%. At these levels the resultant pellets were of reasonably hard consistency but light 
enough for them to sink slowly in the water, allowing the fish more time to pick the 
pellets up in the water column. Proximate analysis showed that wheatings contained 
higher protein levels than other high carbohydrate materials (Table 9), however 
amino acid analysis showed lower essential amino add levels than those published 
elsewhere (Gohl, 1981). 
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Sorghum was used in one feed trial as it was being grown on the sugar estate and was 
cheaper than maize. Its use was discounted because it was still considerably more 
expensive than wheatings and it produced a very dense pellet. Proximate analysis 
(Table 9) showed it to be nutritionally similar to maize, however amino add analysis 
showed that it contained higher levels of essential amino acids than those published 
elsewhere (Gohl, 1981), with particularly high levels of methionine and 
phenylalanine. 
For a period in 1985 and early 1986, wheatings became totally unavailable. All 
Zambian produced wheat had been used up and there was no foreign exchange 
available for importation A reasonably priced alternative to wheatings had to be 
found Each crop the sugar factory produced about 150000 tonnes of bagasse, the 
residue of cane stalks after extraction of sugar. Most of this was used to run boilers 
which, through steam turbines, produced all the energy required to nm the factory. 
There was usually a surplus of bagasse, the extent of which depended on the fibre 
content of the sugar cane. Bagasse is very fibrous and not very digestible. Another 
byproduct of the sugar factory was molasses. This contains the carbohydrates left 
behind after sucrose has been extracted from raw cane juice. The sugar factory often 
had problems in selling molasses because of difficulties in distribution to farriers who 
would use it in cattle feeds. Bagasse can absorb large quantities of molasses to form a 
solid product which can be handled, mixed and pelleted like any other high 
carbohydrate material (Gohl, 1981). Because of the bulky nature of bagasse and its high 
moisture content as it left the mill (40%), it was found that the easiest way to handle it 
was to mix at a ratio of 13, bagassermolasses by dry weight, sun dry and pellet using a 
large die (8mm). This made storage of the bagasse/molasses mixture easy. The pellets 
were then used at inclusion rates of up to 45% In production diets. Table 9 shows that 
the protein content was very low, as would be expected. The analysed nutrient levels 
are similar to those reported by Gohl (1981) in commercial bagasse/molasses mixes. 
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t7. High vitamin content tngredfent& 
Complete vitamin premixes such as those recommended by Jauncey and Ross (1982) 
could not be provided on a regular basis In production feeds because of the lack of 
foreign exchange for their importation Ocasionally vitamin premixes were available 
within Zambia and were used in the feeds. Multivit P (Assia Maabarot Ltd, Tel Aviv, 
Israel) was formulated for chickens and contained high levels of vitamin A (15000000 
LU. /kg), no vitamin Bi, vitamin B6, vitamin G folic add, biotin or inositol, but did 
contain an antibiotic (procaine penicillin). Nutramix AlF (Hoescht Ltd. ) was 
formulated for pigs. This contained a wider range of vitamins but still did not have 
vitamin C. The vitamin contents were quite different from those recommended by the 
University of Stirling the mixes were expensive and not always available. In an 
attempt to alleviate possible vitamin deficiencies a number of feed ingredients were 
included in the feeds principally for their high contents of particular vitamins. 
Leucaena is a leguminous shrub which is widely used in the Tropics as fodder for 
cattle. It suits the Zambian climate as it can grow through the dry season without 
irrigation. As well as reasonably high protein levels to the leaves, leucaena contains 
high levels of the fat soluble vitamins (Nurse and Thorp, 1981; Wood and Carter, 
1983). Leucaena meal became available at Nakambala in 1985 because a neighbouring 
farmer allowed the fish farm to have access to a plot of 5 hectares which he had 
established for feeding cattle. In late 1985 a plot was established close to the fish farm 
The leucaena was harvested by cutting off the small twigs and leaves, sun drying then 
milling and bagging for storage. The maximum inclusion rate used was 10%. Results 
of feed analysis are shown in Table 9. The protein content of leucaena meal varied 
from 13 - 29% (average 22.8%) according to the proportion of leaves to twigs. Nurse 
and Thorp (1981) suggested protein levels of 20 - 25% for ungraded leucaena leaves, 
whilst N. RC, (1983) report a protein content of 29.1% of dry matter. 
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Lucerne is another leguminous crop grown for cattle feeding, It grows as a small plant 
and must be continuously irrigated A small plot was established near the fish farm In 
late 1985. Lucerne was harvested periodically by hand, sun dried and milled before use. 
The composition of the lucerne varied with the age of the plant (See Table 9). Younger 
lucerne had a much higher protein content but also a higher moisture content and 
lower yield. Generally the lucerne used to the feeds was 3 weeks old Lucerne has been 
reported to contain high levels of fat soluble vitamins, particularly vitamins A and D 
(Gohl, 1981). 
Yeast contains high levels of water soluble vitamins, particularly vitamin BI 
(99mg/kg), vitamin B2 (38mg/kg), vitamin B6 (40mg/kg) and vitamin B12 (1. Qmg/kg) 
and is often used as a source of B complex vitamins in poultry and pig rations (Gohl, 
1981; N. RC., 1983). Small amounts of yeast floor sweepings were available from time 
to time from the Lee Yeast Co. Ltd of Kafue. The yeast was Sacrhammyreccevisaae 
grown on a mollasses substrate to be sold to bakers as live yeast and as active dried 
yeast. The floor sweepings resulted from the production of the active dried yeast. 
Proximate analysis of the yeast is shown in Table 9. This shows that it contained high 
crude protein levels. Amino acid analyses reported by Gohl (1981) and N. RC (1983), 
show that the balance of amino acids is good, with relatively high lysine levels. 
Attempts were made to grow yeast specifically for use in the fish feeds at Nakambala 
using simple methods. The yeast was grown in a 100 litre plastic drum containing 
diluted molasses(1: 4; molasses: water) and a small amount of fertiliser (urea and triple 
super phosphate). The drum was inoculated with a live yeast culture and air bubbled 
through the culture. There seemed to be no problem growing the yeast, but harvesting 
was difficult without a centrifuge. A flocculant strain of yeast was provided by Tate 
and Lyle Research And Development but this characteristic was not maintained, 
probably due to contamination with wild yeasts. 
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4UL Algac 
The culture, harvesting and processing of algae is described in Chapter 6. 
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CHAPITR5. FEED YROCESSINGMETHODSANDEQUIPMENT. 
5.1. Intnnduc tkm. 
Although many different processes were used in the manufacture of fish feeds at 
Nakambala Tilapia Farm, they could all be grouped into one of four basic processes; 
pretreatment, milling mbdng and pelleting. The system is illustrated in Figure S. 
Pretreatment was necessary for some of the ingredients for a variety of reasons. Raw 
oilseeds contain antinutritional factors which must be deactivated before use. Raw fish 
caught in irrigation dams had to be processed so that they could be stored before use in 
the feeds. Some of the materials were very bulky so pretreatment was necessary to 
facilitate storage. 
Milling is an important part of the process as it determines the particle size within the 
pellets. As well as affecting the consistency of the pellets this can have a great effect on 
the digestibility of some of the ingredients (Payne, 1978). 
Adequate mixing is an essential step as it determines the uniformity of pellets within 
a particular feed batch. 
Pelleting forms discrete feed particles which can be taken up by the fish without waste 
or dirtying of the water. This is most important in intensive culture. 
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Screw presses were used at the start of the project to pretreat raw oilseeds, in particular 
soyabeans and cottonseed. The main objective was to deactivate the antinutritlonal 
factors, any oil extracted in the process was secondary to this. The principal factors 
which are recognised as important in the nutrition of other animals are trypsin 
inhibitor in raw soyabeans and gossypol in raw cottonseed (Gohl, 1981). The principal 
of operation of a screw press is illustrated in Figure B. Material to be processed is fed 
into one end of a revolving screw or wohn which is enclosed in a casing with slits or 
holes in it. The screw is tapered so that the volume occupied by the feed material is 
gradually decreased towards the end of the screw. This causes an increase in pressure 
and temperature due to friction, rupturing the cells in the feed material and forcing 
any liquid pnesent, such as oil, through the slits in the casing The pressed material is 
expelled at the end of the screw having been partially cooked and with a reduced oil 
content. Although these machines are usually used for the small-scale production of 
edible oils, our main priority was to deactivate the antinutritional factors. Any oil 
produced was sold to the estate kitchens. 
Two presses were used. The first was a screw press manufactured in China which was 
bought second hand from an agricultural machinery importing company. It had been 
used as a demonstration model and was well wom when purchased by the fish farm. 
This press was fitted with a 5kw electric motor driving the wormshaft through a series 
of metal cogwheels. The slits in the casing around the wormshaft were formed by 
tightly packed stainless steel bars running along the same axis as the wormshaft. The 
second press was imported new from England The model was a Simon Rosedowns 
Mini 40 driven by a 22kw electric motor through a belt drive system to the wormshaft. 
In this machine the slots around the wormshaft were formed by barrel rings held 
tightly together but spaced by thin washers. 
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Both machines displayed individual characteristics and took some skill in their 
operation The Chinese machine was very noisy due to the mechanical drive system. 
Both machines performed adequately for a period after they had been 'hm to", 
however both suffered greatly from wear on the wormshaft and casings, greatly 
reducing their effectiveness. Throughput rates of materials varied from 5" 30kg/hr 
depending on their mechanical state. The effective working life of a new wormshaft 
and barrel casing was about two tonnes for both machines, at which time new or 
reconditioned parts had to be fitted for the machines to operate at all. Usually 
soyabeans had to be passed through the machine at least twice before they acquired the 
"nutty" taste indicating that they have been cooked enough to deactivate the trypsin 
inhibitor (Gohl, 1981). 
After struggling to keep the screw presses operating by renovating the parts in the 
factory workshop because spare parts could not be imported, the process was 
abandoned for both soyabeans and cottonseed in April 1985. It was decided that a more 
appropriate method of pretreatment would have to be used If oilseeds were to be used 
in the feeds. 
53,. Pressure Cooker. 
After the abandonment of screw pressing for the pretreatment of soyabeans and 
cottonseed, other processes were used on an experimental basis to cook soyabeans. A 
heated rotating drum constructed from an oildrum gave uneven cooking and 
charring of some of the seeds. A percolating cooker(see Figure 9) gave even cooking 
but resulted in the seeds having a high moisture content. They had to be dried before 
they could be used in the feeds. 
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A pressure cooker constructed to the sugar factory workshop, from a garage air 
receiver vessel, was introduced to September 1985. The cooker was designed in 
conjunction with some of the factory engineers at Nakambala. Figure 10 shows the 
construction of the pressure cooker. It was operated from a steam line running from a 
wood fired boiler situated in the kitchens which were adjacent to the fish farm. The 
cooker was operated by filling a wire basket with beans(45kg/ batch), lowering the 
basket into the cooker and closing the lid, ensuring that the sealing gasket on the lid 
was in position. Steam was them applied to the beans by opening the valve leading to 
the boiler. The steam was allowed to pass through the vessel by leaving the steam 
release valve open at the bottom of the vessel, until air was expelled and any water 
due to condensation was discharged The release valve was then dosed and the vessel 
allowed to pressurise. The cooking temperature was gauged by the pressure in the 
vessel Pressure was controlled by adjusting the Inlet valve. Various cooking regimes 
were experimented with, but it was found that the minimum cooking period for the 
beans to taste 'nutty' rather than 'beany" (see section 52) was one bar of pressure for 
15 minutes. This is similar to the cooking period recommended by Gohl (1981). The 
advantages which this process had over screw pressing for soya beans were that the 
process was fast, cheap (steam was free), easy to operate, maintainence free and gave 
reliable cooking of the beans. The beans were evenly cooked and absorbed little 
moisture. In one test the moisture content of pressure cooked soyabeans immediately 
after being removed from the cooker was 12.3%. After 24 hours sun drying the 
moisture content had reduced to 4.9%. 
A second pressure cooker of similar design was built in late 1985 for the cooking of 
chicken feathers to produce hydrolysed feather meal. Early attempts to produce 
hydrolysed feather meal were carried out in a very basic pressure vessel set over a 
wood fire. The vessel was sealed by rubber "O" rings which eventually degraded with 
heat making it difficult to achieve the correct pressure. Production of hydrolysed 
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feather meal requires more extreme treatment than for soyabeans. The treatment used 
was based on the method recommended in Gohl (1981) of 1450C for 30 minutes. 
Thirty minutes at a pressure of 3 bar gave a product which was obviously cooked, as it 
did not contain raw feathers, but was not charred The product was relatively easily 
dried (1 -2 days sun drying) and easily milled. The second pressure cooker for 
hydrolysed feather meal production was installed at the premises of Zambia Pork and 
Poultry Ltd in Lusaka, running off an electric boiler. The intention was for ZAP. P. to 
carry out the processing and drying so that they could sell the hydrolysed feather meal 
to the fish farm at an agreed price. The arrangement never really worked, mainly due 
to a lack of enthusiasm by ZA. P. P, but also because of a decline in the poultry industry 
leading to a shortage of chicken feathers to be processed 
14. Endlage. 
The most widely used source of animal protein in aquaculture feeds is fish, however it 
is usual for this to be processed in some way prior to incorporation in a feed as raw 
fish cannot be stored for any length of time without spoiling (Shewan, 1976). The 
simplest form of processing is drying. This is often used in Zambia for fish for human 
consumption. It suffers from a number of drawbacks. If it is carried out in the open air, 
the rate of drying depends totally on the prevailing weather. Any delay in drying 
leaves the fish very susceptible to attack from insects and fungi which can leave little 
more than skin and bones in a very short period of time. 
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A more acceptable process for the preservation of fish for animal feeds is the 
production of fish meal. In this the fresh fish is cooked, any excess fat is removed and 
the solids are dried to produce a uniform meal which can be easily milled, bagged and 
stored. Fish meal production is expensive and can usually only be used where there 
are substantial stocks of fish to put through the plant (Disney, Tatterson and Olley, 
1976). At Nakambala, small quantities of fresh fish were available on an occasional 
basis for inclusion in the fish feeds. In addition culled fish, mortalities and gutting 
wastes were other sources of fish protein which were available. 
It was decided that the production of fish silage was a technology which might allow 
the supplies of fish protein to be used to an hygienic way. Two main methods have 
been described for the production of fish silage. Acid silage is produced by the addition 
of organic or inorganic adds to minced fish. Gohl (1981) suggests the addition of about 
5% concentrated acid Wood eia/ (1985) used 3% w/w formic acid to ensile minced, 
whole whiting. Raa and Gildberg (1982) suggest the use of between 28 and 6.3% w/w 
sulphuric add, depending on the oil content of the fish. The object is to depress the pH 
of the minced fish to 4 or below so that it is protected from degradative bacteria and 
fungi. The low pH also allows the digestive enzymes of the fish to break down the 
tissues into a liquid, which is easily handled. 
Because of the foreign exchange requirement needed to secure regular supplies of 
adds, it was decided that the production of fish carbohydrate silage was more 
appropriate. This process has been described by a number of authors (Raa and 
Gildberg, 1982; James of al, 1976, Gohl, 1981). The principle is to use the anaerobic 
fermentation of bacteria on a carbohydrate source, added to the minced fish, to 
produce lactic add. The lactic add, lowers the pH of the silage and acts as a 
preservative. The process is similar to that used for the production of fodder silages, 
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except that the low carbohydrate content of fish means that a substrate for bacterial 
growth must be added. 
The range of substrates used is varied, however the most easily available source at 
Nakambala was molasses. James et al (1976) described experiments in which silage 
was made from minced fish, 15% by weight of molasses and 30% by weight of water. A 
starter culture of Lac1aA a7tis plantarvm was also added. A pH of 4 to 4.5 was 
attained after 72 hours, to produce an acceptable silage. 
There are a number of bacterial species important in lactic add silages. They are 
generally grouped into the homofermenters, such as L plantarvm, which produce 
only lactic add from a glucose substrate, and the heterofermenters, such as 
Leucvnastacsppand Sbrptc oc usrppwhich produce acetic acid, carbon dioxide and 
ethanol in addition to lactic add. At the start of a culture, as the pH is dropping, the 
heterofermenters can predominate, to be replaced later by the homofermenters (Raa 
and Gildberg, 1982). 
At Nakambala, a working system was developed after a number of trials. The raw fish 
were minced in a machine fabricated in the factory workshop (see figure 11), and hand 
fed into 100 litre capacity plastic drums with sealable lids. The drums were filled 
almost to the top, weighed and 10% by weight of molasses added. The drums were 
them thoroughly mixed, sealed and allowed to stand. It was found that considerable 
quantities of gas were often produced in the first few days (probably carbon dioxide due 
to the action of heterofermentatalve bacteria). Each day the drums were remixed and 
any accumulated gas released. If the gas was not released the drums could explode. 
Gas evolution usually stopped after 3-4 days, by which time the pH was 5+1-02, and 
the silage was beginning to liquify. Batches of fish silage maintained a pleasant smell, 
even after storage for six months. 
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The silage was mixed with maize or wheatings in the horizontal mixer, prior to 
mixing with other feed Ingredients and milling Use was restricted to 5% of the dry 
weight of the feed because of the high moisture content of the fish silage (72%). Higher 
inclusion rates made the moisture content of the feed mix too high, which caused 
blockages in the hammer mill and pelleter. 
The process was discontinued in April 1985 because of a shortage of fish to be ensiled 
and the increasing availability of other, more convenient, high protein feed 
ingredients. 
51 Ming and Mixin& 
A hammer mill was used for all the milling operations. The mill was a Fodder Mill 
manufactured by All Metal Engineering of Kitwe, Zambia. It was powered by a 50 
horse power electric motor and had swinging hammers. It was supplied with a variety 
of screens. Throughput rates of the mill varied greatly depending on the material 
being milled and the screen used. 
Large screens with apertures of 10 - 20 mm were used to premill some of the feed 
ingredients. This was carried out for a number of reasons. Dry lucerne and leucaena 
were premilled to aid storage. The coarsely milled materials could be easily bagged and 
stored in a compact space. Sunflower oilcake supplied by Chemical Products of Lusaka 
had to be milled with a coarse screen as the dense lumps of material would have 
damaged the lighter screens used for fine milling, Throughput rates for coarse milling 
were fast and depended more on the rate at which the materials could be supplied to 
the mill than on the mill itself. 
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After all the feed ingredients were in a form which could be finely milled, they were 
weighed out, according to the formulations provided, into a mixing trough. The 
ingredients were then coarsely mixed using a shovel and fed by hand onto the feed 
tray of the hammer mill The screen used In the hammer mill for fine milling had 
apertures of imm. Normal feed formulations could be milled at a rate of 50 - 
80kg/hour. Formulations with higher oil or moisture contents caused greatly reduced 
milling rates or sometimes even complete screen blockages. The output from the 
hammer mill was into bags attached to a cyclone. Air escaped from the cyclone into a 
pipe which passed through the roof of the building to reduce the amount of dust in 
the feed processing room. Some of the lighter food particles were also blown out of the 
pipe. Expensive, fine ingredients such as vitamin premixes were not added to the feed 
until the mixer in case they might be lost during milling. 
Each batch of milled meal was then fed into a horizontal mixer and mixed for 20 
minutes. The mixer was manufactured by W. LHolland of Preston, England and 
supplied by Lister Farm Equipment. Mixing was effected by ribbon type paddles 
attached to a central shaft rotating at 30 r. p. m. and driven by a3 kw motor. The 
effective woridng volume of the mixer was 376 litres, which determined the 
maximum size of each batch of feed. This varied from 75 - 150 kg depending on the 
feed formulation used. Formulations containing high levels of bulky materials such 
as wheatings had to be processed in smaller batches than those containing maize or 
sorghum. 
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SA Meting bagging and storage. 
The mixed food was carried by mechanical auger from the mixer into a hopper leading 
to the pelleter (Lister Farm Felleter - 75kw electric motor). Feed of the material from 
the hopper was by gravity and there was no water addition or steam conditioning 
applied. The pelleter had to be constantly attended as the feed supply could be 
interrupted by bridging of the meal in the hopper. Pelleting rates varied with the die 
size, the condition and the feed formulation For normal dry production feeds and a 
4mm die the usual rate was 75 - 100 kg/hour. High moisture contents (above 15%) or 
high oil contents (above 10%) resulted in die blockages. This usually meant that the 
die had to be removed, and each hole punched out with a metal nod, before it could be 
reused. The main problems which arose with the pelleter, resulted from wear on the 
pelleting dies and rollers. The initial dies supplied with the machine only lasted for a 
few tonnes because the feeds contained kapenta contaminated with sand. The dies 
were expensive to replace. Subsequent dies lasted for around 100 tonnes of production. 
Most reports on feed manufacture stress the need for steam conditioning of meals 
prior to pelletisation to increase gelatinisation of starch and produce a stronger pellet 
(Wood, 1980; Payne, 1978; MacBain, 1966). A hard pellet may be more water stable, 
however tilaplas in intensive culture, tend to prefer a relatively soft pellet (Dickson, 
1981). When presented with a hard pellet, the fish tend to spit it out, whereas a softer 
pellet is eaten directly. Other factors affect the hardness of pellets, particularly the type 
of high carbohydrate feed ingredient used. Maize and sorghum gave hard, dense 
pellets. Wheatings and Bagasse/molasses yielded softer, less dense, pellets. 
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Pellets, leaving the pelleter at temperatures of 70 - 800Cý were lifted by a mechanical 
bucket elevator into a cooling hopper. The cooling hopper was fitted with a fan 
designed to blow air over the pellets to reduce the moisture content before bagging. As 
no water was added to the formulations, and the fan created a lot of dust, it was not 
usually operated. The hopper acted as a convenient point between pelleting and 
bagging at which to let the pellets cool down. The pellets were fed into hessian sacks 
after cooling, and stored, if not used immediately. Feeds were usually made as 
required, so storage of prepared feed was rarely for more than one week This reduced 
the risk of the feed being contaminated with mycotoxins (Jones, 1974). 
5.7. Feed formulation and record of feed manufacture. 
Table 11 shows some of the formulations used over the course of the project. Up to 
three formulations were manufactured at any time to cope with the varying demands 
of the different sizes of fish on the farm. Fry food was fed to fish of up to two grammes 
weight. It was manufactured by milling and mixing the ingredients. No pelleting was 
carried out. Fingerling food was used for fish from two to thirty grammes in size. This 
was pelleted and then crumbled using a hand grinder to particles of I to 3mm 
diameter. Grower food was pelleted using a 4mm die and fed to fish of over thirty 
grammes in weight. 
Feed formulations were worked out by hand using trial and error. Information on the 
available feed ingredients was collated and, if analysis of a particular feed ingredient 
had not been carried out, the data was taken from published sources (Gohi, 1981; 
N. RC, 1983). Formulations aimed to supply the nutrient levels suggested in Table 2. 
The main parameter used in formulation was the crude protein content, however 
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Table 11. Examples of formulations used at Nakambala Tilapia Farm (Expressedas 
%ages of dry ingredients as fed). 
I Fingerling I 1 /86 - 7/86 I 7/86 - 
1983 1984 1985 Fry Fing Grower Fing, Grower 
Fish Silage 5 5 4 - - - - " 
Kapenta 5 - 10 15 12 8 8.5 5.5 
Blood(Dried) - 5 4 - - - - - 
Blood Meal - - - 15 12 8 17 11 
H. Feather Meal - 5 - - - - - 
Soya Oilcake 30 10 13 - - - - - 
Full Fat Soya - - - 20 27 13 29 14 
Sunflower oilcake - 10 13 - 13 13 14 14 
Cottonseed oilcake - 10 - - - - - - 
Maize 60 20 - - - - - - 
Wheatings - 30 - - 10 14 21 45 
Bagasse/ Molasses - - 43 - 10 30 - - 
Leucaena - - 10 - - - 5 5 
Lucerne - - - 20 10 10 5.5 55 
Yeast - - 2 30 6 4 - - 
Algae - 4.8 - - - - - - 
Vitamin Mix' 02 02 1 - - - - - 
" Various vitamin premixes were used when available. 
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later in the project, some of the materials geucaena, lucerne and yeast) were 
automatically included at set levels for their vitamin content. A formulation would be 
guessed at and the contributions each ingredient would make to each of the main 
nutrients, tabulated and added up. If the formulation did not supply the nutrient 
levels required, adjustments were made to the formulation and the information 
retabulatedFonnulations developed as the project progressed 
Table 12 shows the results of nutritional analysis of the feeds over the course of the 
project. This shows that as the project progressed the formulations came closer to 
matching the Stirling recommendations, at least with respect to the major nutrients. 
Amino acid analysis indicated that the feeds were still deficient in methionine at the 
end of the project. Following extensive feed trials it was decided that there was no 
requirement for vitamin or mineral premixes In the diets (see chapter 7). 
As the project developed, a wider range of feed ingredients became available. This 
allowed some of the more unsatisfactory or awkward ingredients such as fish silage 
and raw blood, to be replaced with more easily handled ingredients such as blood meal 
and kapenta. Shortages of ingredients were commonplace, so formulations had to be 
flexible. Most feed materials could be substituted with another. If, for example, 
sunflower oiicake became unavailable it was substituted with another oilseed, usually 
soyabeans. If blood meal could not be obtained it was replaced with kapenta. Whilst 
formulations were changed to compensate for the differences in nutrient levels 
between substituted ingredients, this undoubtedly caused fluctuations in the overall 
nutrient composition of the feeds. Making do with what was available was the only 
strategy which could be used to keep the feed mill running. 
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Table 12. Nuhttionalanalysis ofpmductionfeeds. L PROXIMATE ANALYSIS: Crude 
Protein, Ether Extract, Crude Fibre and Ash expressed as %age of moisture free weight 
to feed; Moisture expressed as %age of feed as fed. (Figures In parentheses represent 
the number of samples contributing to each average). 
1983 - Fingerling N. D. 25.6(3) 7.0(3) 6.9(3) 4.7(3) 
1984 - Fry 12.5(1) 30.5(3) 5.3(3) 15.6(2) 14.7(3) 
- Fingerling 8.5(1) 28.9(3) 7.6(3) 17.3(2) 7.1(3) 
1985 - Fry 10.3(20) 35.0(21) 6.1(1) N. D. 8.3(20) 
- Fingerling 10.4(25) 31.5(26) 4.7(1) N. D. 9.0(25) 
- Grower 9.6(7) 275{7) N. D. N. D. 92(7) 
1986 - Fry 9.4(9) 40.1(9) 82(3) 10.1(2) 14.8(9) 
- Fingerling 9.3(10) 32.0(10) 11.0(4) 11.3(2) 9.0(10) 
- Grower 10.0(9) 25.5(9) 8.8(3) 10.1(2) 8.3(9) 
N. D. = Not determined 
IL AMINO ACID ANALYSIS: Amino acid levels expressed as %age of crude protein 
content in each sample'. (Analyses carried out by the Inst of Aquaculture, Univ. of 
Stirling. ) 
ARG HIST ISOL LEU LYS METH PHE TH TYR VAL 
Fingerling Food 6.1 2.7 6.9 113 6.0 03 45 3.9 23 5.4 
Grower Food 53 23 7.3 113 4.9 0.5 3.8 3.4 1.7 4.6 
ARG = Arginine, HIST = Histidine, ISOL = Isoleucine, LEU = Leucine, LYS = Lysine, 
METH = Methionine, PHE = Phenylalanine, THR = Threonine, TYR = Tyrosine, VAL 
= Valine. 
'Results are from single samples of each taken on 1/9/86. Grower food contained 
27.6% Crude Protein. Fingerling food contained 25.8% Crude Protein. 
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Table 13 shows the quantities of feed manufactured in each year of operation. Feed was 
made as required, so the quantities produced reflect the Increasing quantities of fish 
produced on the farm. An indication of the approximate cost of the feed raw materials 
per tonne of feed produced is also given in Table 13. This shows the effect of inflation 
in the Zambian economy, rather than changes in formulations, on the feed cost. The 
rise in costs was passed on to the selling price of the fish. 
Table 13. Quantities and cost of raw materials of feed manufactured. 
Year Ending Quantity of Feed Cost of Feed Raw Average Selling Price 
Produced(K¢) Materials/Tonne of Feed(ZK) for Fish ZK/KgI 
31/3/83 8415 N/A 3.02 
31/3/84 37658 N/A 529 
31/3/85 66115 459 3.63 
31/3/86 87993 799 5.42 
31/3/87 102640 1178 7.19 
N/A - not available 
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CHAMR 6. ALGAE CULTURE 
äl. Introduction. 
Algal culture has been put forward since the 194(Ts as a possible means of supplying 
protein for animal or human food (Jorgensen 1953; Edwards of al, 1981). Other uses 
have been proposed including algal culture for wastewater reclamation (Oswald, 1969; 
De Pauw eta11980, Wong and Lay, 1980), algal culture producing biomass for further 
processing as a chemical feedstock (Tate and Lyle, unpublished data) and the culturing 
of algae for gaseous exchange in space operations (Shelef et of 1969). Some advantages 
which algae have over conventional protein sources are that they are primary 
producers, able to convert simple molecules such as carbon dioxide and inorganic 
nitrogen into complex proteins, the level of protein is higher in microalgae than in 
most other primary producers and being in a liquid form allows easy handling of the 
product. The principal disadvantage is that the harvesting of algae, particularly 
microalgae, is difficult because of the small size of the algal cells. 
Despite the considerable optimism expressed over the years (Benemann el al 1977), 
and apart from a few specialised applications such as the culture of marine microalgae 
for marine fish larvae, the production of algae tablets for the health food market and 
the occasional use for wastewater treatment, there are few economically viable algae 
culture operations in the world today (Goldman, 1979). 
During 1980 and 1981 Tate and Lyle Technical Services together with the University of 
liege, carried out studies on the culture of algae (Hough, personal communication). 
Two main approaches were used. The first was the culture of microalgae in a specially 
X. -I. 
designed culture apparatus which involved trickling a thin layer of the culture 
solution over inclined glass plates. Whilst growth of the algae was rapid the culture 
apparatus was very expensive. The constant movement of medium in the algae 
culture favoured the growth of unicellular algae such as &vnede musspp The algae 
were harvested by centrifugation and dried to produce a powder. The second approach 
was the harvesting of filamentous algae which were growing in the effluent from an 
intensive tilapia farm using warm water from Tihange nuclear power station. The 
filamentous algae were separated out by straining and then dried. Algal meals from 
both sources were analysed and included in feeds fed to tilaplas at the University of 
Stirling, Composition of the algae meals were quite different. Filamentous algae had 
protein contents of between twenty and thirty per cent whereas unicellular algae had 
protein levels of up to sixty per cent. Both were shown to support good fish growth 
(Jauncey, personal communication; Delcambe-Fontaine, 1979). Further work has 
confirmed that algae can be used as a dietary protein source in tilapia feeds (Appler 
and Jauncey, 1983). 
As a result of this world, it was proposed to supply substantial quantities of algal meals 
for inclusion into fish feeds at Nakambala Tilapia Farm by culturing algae in the farm 
effluent. A proposal to this effect was presented by Tate and Lyle to the Overseas 
Development Administration, who agreed to support a three year research 
programme into algae culture. This was to be carried out as part of the tilapia farming 
activities. 
62 Algae culture system, harvesting equipment and method of operation. 
Construction of the Algae Production Unit started in mid 1982. Most of the equipment 
had to be imported which delayed commissioning of the system until the end of 1982. 
The system consisted of two 400m2 ponds together with harvesting machinery. It was 
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designed by the main equipment supplier, Tim Cox of Sewaco Ltd, however some 
modifications to his designs were carried out by Courtenay Hough of T. LT. S. and 
myself. Figure 12 shows the original layout of the production ponds. Both were lined 
with 1500 gauge polythene sheeting and were designed to hold a maximum liquid 
depth of 1.5m. In pond 1 circulation was effected by a submersible pump (DAE-PKD 
1150), which pumped water from one end of the pond to the other through a six inch 
diameter flexible hose. The culture was also aerated using a blower (Wade Engineering 
Ltd. - Rootes Blower SR035/75kw motor) delivering air to 13 aerators (HDPE porous 
aeration tubing) situated on the bottom of the pond. 
In pond 2 both aeration and circulation were carried out by two sets of six coarse bubble 
aerators (Venturator Ltd. - DF) operated by two blowers (B. V. C. - 2.2kw). The aerators 
were designed to give directional flow to the water. This pond was divided into a 
meandering 3 metre wide channel by walls constructed from corrugated asbestos 
roofing sheets set on their edge and supported by concrete slabs. 
After experimentation both ponds were changed to a simplified version of pond 2 as 
shown in Figure 13. The main reason for the change was to reduce running and 
capital costs of the system, with the equipment which was available at the time. 
The water source for the project was Kafue river water which had passed through the 
hiapia farm. The nutrient levels in the farm effluent and in Kafue River Water are 
compared in Table 14. Supplemental fertilisation, when required, was with Urea and 
Triple Super Phosphate. 
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Table 14. Analysis of Kafue River Water and fish farm effluent (N. D. = Not 
Detected). 
Kafue River Wate r Fish Farm Effluent 
Calcium Hardness(mg/1) 120 N. D. 
Total Hardness(mg/1) 270 220 
Nitrate(mg/1) 65 285 
Nitrite(mg/1) N. D. 0.05 
Ammonia(mg/1) 03 3.0 
Phosphate(mg/1) <0.2 <0.2 
Suspended Solids(mg/1) 4.0 10.0 
Dissolved Solids(mg/1) 244 314 
Total Solids(mg/1) 248 324 
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Harvesting was carried out using a process of dissolved air flotation. A flow diagram 
of the process is shown in Figure 14. The algal suspension to be harvested was 
pumped out of the pond using a transfer pump (Mono CMD/ Carter F 14 Gearbox/3kw 
motor). This allowed the rate of pumping to be varied. As the plant was originally 
supplied there was no provision for the addition of a flocculant but this was found to 
be necessary. It was added using a dose metering pump (PDP R410/0.09 kw motor) at 
the outlet side of the transfer pump. Just before the flocculated algal suspension 
entered the flotation cell, white water was added. This was produced by a white water 
plant consisting of a high pressure pump and a pressure vessel running through a 
system which caused air to be sucked in through a venturi and enter solution in the 
pressure vessel Water from the white water system was added in small quantities to 
the flocculated algal suspension. The reduction in pressure between the white water 
plant and the flotation cell caused the formation of tiny bubbles. The flocculated algal 
cells attached to these bubbles and floated to the surface in the flotation cell. The 
flotation cell had a capacity of 5.5m3 which, at flow through rates of algal solution of 6 
-10 m3/hr, gave a residence time in the cell of approximately 30 minutes to 1 hour. 
The resultant thick scum was removed periodically by a rubber bladed scraper and 
passed onto a vacuum assisted dewatering tray covered with a filter paper. This dried 
the algal sludge from approximately 1% solids to 10% solids. Further reduction in the 
moisture content was achieved by sun drying. 
The density of algal solutions was measured by three different methods. 
(a) Direct microscopic counting using an Olympus BH-2 microscope and a Gallenkamp 
haemocytometer. 
(b) Recording absorbance of light by the solution using a Coming 254 colorimeter set at 
650nm (Edwards and Sinchumpasak, 1981). 
(c) Direct weighing of the dry weight by drying a sample at 1050C 
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pH was measured using a Jenway pH/Temperature meter 6061 or a Phillips PR 9400 
pH meter. Temperatures were measured by thermometer three times daily. Nutrient 
levels in the cultures were estimated using a Lovibond comparometer test kit. Ught 
levels were estimated from meteorological data collected on the sugar estate. 
Efficiency of harvesting was measured by comparing the absorbance or cell density of 
the algal suspensions before and after harvesting This was then expressed as %age 
clarification 
6.3. Cultivation 
No attempt was made to inoculate the algae cultures as the incoming water from the 
fish farm contained wild algae species which would have been a continual source of 
contamination. Table 15 is a list of the most commonly occurring genera over the 
course of the project. Generally once a particular culture was established there would 
be only one dominant algal genus. 
TabIe15. CheddW of algal Genera observed during the project( Those in bold type 
were predominant genera in cultures at some time). 
Aatinastmm spp. 
An 2fYmdesmus spp. 
CANO&W 
chumanbmspp. 
COk""z sspp. 
Spp" 
gyp. 
SSvnedesmus spp. 
Slaura5Ym'ln spp. 
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Figures 15 and 16 show the estimated average standing crops, pH levels and 
fertilisation rates in ponds 1 and 2. Figure 17 shows the total quantity of algae 
harvested each month, the estimated incidence of light energy and the average water 
temperature in the ponds over the course of the project 
As can be seen from these figures, standing crops and total yields showed no 
relationship with water temperatures or with levels of sunlight Irradiation. A closer 
correlation seemed to be with levels of fertilisation. Maximum standing crops and 
harvested yields of algae were in March 1984. It was also during this period that 
fertilisation rates were at their highest. Fertilisation was however very inefficient. 
Over a 64 day period with pond 1 operated on a dosed system (effluent from the 
harvesting plant was returned to pond 1), fertilisation with 208 kg of urea and 20.8 kg 
of triple super phosphate produced only 50.4 kg of dry harvested algae. It was dear that 
growth of the cultures was not limited by availability of nitrogen or phosphorous as 
they were present at very high levels at the end of this period (ammonia 200mg/1, 
phosphate80mg/i). It was also noted that increasing levels of fertilisation resulted in 
elevated pH levels. 
The evidence suggested that the limiting nutrient in the algae cultures was carbon 
dioxide. This was confirmed by the observation that there was deposition of calcium 
carbonate on aerators and on the pond linings near the water surface. The effects of 
carbon dioxide supply on an algal culture are well established (Goldman, Azov, Riley 
and Dennett, 1982). Carbon dioxide supply is a critical factor in all but the highest 
"BOD" wastewater treatment algal systems (Soeder, 1980; De Fauw ei at 1980) and 
those with plentiful supplies of carbon such as Spinilina culture in alkaline ponds 
(Benemann, Weissman & Oswald, 1979). 
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Figure 16. Estimated avezalp standing crop, pH levels and ßeztlIadon 
rater for pond 2. 
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A shortfall in the supply of carbon dioxide results in the following 
(a) When carbon dioxide is used up, carbon is supplied by bicarbonate causing the 
reaction 
HCO3- --> CO2 + OH- 
thus raising the pH by the release of hydroxyl ions. 
(b) At pH levels above 10 any free carbon dioxide which enters solution is converted to 
the carbonate ion (CO3-) which forms insoluble precipitates such as calcium 
carbonate. 
(c) At high pH levels ammonium ions are converted into ammonia molecules which 
may then be lost to the atmosphere as ammonia gas. 
It had been hoped that sufficient carbon dioxide would have been present in the water 
from the fish farm supplemented by aeration of the ponds but clearly this was not the 
case. The partial pressure of carbon dioxide in air is low ( less than 0.04%) thus 
aeration is an inefficient means of transferring carbon dioxide into the cultures 
(Soeder, 1980). 
Small scale experiments indicated that the pH of the algae cultures could be controlled 
using carbon dioxide supplied from compressed gas bottles, but we were unable to 
demonstrate increased productivity in a production pond as this would have required 
substantial changes to the culture system. A proposal was put forward to the Overseas 
Development Administration to supply carbon dioxide by the fermentation of of 
yeasts on molasses. There was an excess of molasses on the sugar estate due to 
distribution problems. If the fermentation took place in sealed vessels through which 
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air was spargeil, the air could be piped off for distribution to the algae ponds as it 
would have been enriched with carbon dioxide In the process. The scheme would 
have increased productivity of the algae ponds and grown yeast as another ingredient 
for the tilapia feeds. Unfortunately this proposal was not supported by ODA and so it 
was never implemented. 
Two different circulation systems were set up as shown in Figure 12. There was no 
evidence to suggest that there was any benefit to using the more complicated and 
expensive system employed in pond 1. Porous tubing aerators dogged up rapidly with 
depositions of Calcium Carbonate. In January 1984 both circulation systems were 
changed to a simplified version of that used in pond 2, with no adverse effects on 
productivity. 
Seepage of water through the plastic liners was a continual problem. The ponds were 
dug in an area with a high water table. When the liners were first installed, water 
accumulated underneath them which tore apart the taped seams. The seams were 
repaired by throwing concrete along them, but seepage still occurred. This made it 
difficult to operate the cultures in a controlled manner. 
Average culture depths were reduced from 75cm to 50 cm in January 1984 which may 
have contributed to increased growth rates shown in the following months. It is 
difficult to draw conclusions given the major problem of carbon dioxide starvation of 
the cultures. 
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ä4 Harvcsün& 
Initially harvesting was attempted without the use of flocculants. Although some 
algae were floated off using dissolved air floatation alone, this was not very efficient 
Table 16 gives some examples of the efficiency of harvesting using different 
treatments. Alum was the most readily available flocculant. Dosage with 50 - 120 mg/1 
effected good flocculation which allowed almost total harvesting of the algal cells in 
the flotation cell. Flotation was most effective at throughput rates of 3- 6m3/ hour. 
Table 1&Zypical examples of data recorded from the harvesting apparatus over 
extendeccriods. 
% Absorbance Flocculant % age 
Algal Genus of culture Flocculant dosage(pp m) Qaii_fica_flon 
Mirractinium 19.0 Alum 120 100 
Scenedesmus 63 Alum 111 92 
Chlorella 10.0 Alum 89 98 
J Q%17/vm 95 Alum 85 100 
Golenkrnioasis 11.8 Alum 94 96 
Scenedesmus 55 None 355 
The aluminium content of the harvested sludge was high (5% of dry weight). lt was 
found that treatment of the harvested algal sludge with sulphuric acid according to the 
method of Bratby (1980) allowed some of the aluminium sulphate to be recycled. This 
was carried out by thouroughly mixing sulphuric acid with the coagulated sludge on 
the 
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vacuum filter tray, to reduce the pH to 2. The vacuum pump was then switched on 
and the filtrate, containing the aluminium sulphate was returned to the flocculant 
mixing tank This also reduced the aluminium content of the sludge (to 2% of dry 
weight), making it easier to dry. 
6. & Algal meal quality and use. 
Table 9 includes the average composition of algae meals which were analysed over the 
course of the project. Despite the meals being made from single cell type algae, they 
contained relatively low levels of protein (average - 24.4%). They also contained high 
levels of silt, indicated by the high ash levels recorded in proximate analysis. The silt 
probably originated from the river water which was used as the main substrate for 
growth of the cultures. Alum is often used as a flocculant to remove silt from water 
(Bratby, 1980), which would have allowed it to be harvested along with the algal cells 
in the flotation cell. This problem has not been referred to by other workers probably 
because other studies have not been using silty water as their substrate. 
Two approaches could have been used to alleviate this problem. 
(a) Pretreat all the water entering the algae ponds to remove silt, this would have 
doubled processingcosts. 
(b) Increase the concentration of algae cells in the cultures so that the diluting effect of 
the silt on the harvested product was reduced. This approach was obviously related to 
the problems outlined in the section on cultivation. 
Feed trials were carried out comparing algae meals to other feed ingredients. These 
are described in more detail in Chapter 7. 
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Table 17 shows production figures and the estimated costs of production per 
kilogramme of dry algal meal These figures include running costs, labour and a figure 
to account for depredation of the plant. The depredation figure was substantial, up to 
60% of total costs depending on which culture system was in use. Flocculant became a 
major cost towards the end of the project as Alum increased in price from ZK40 to 
ZK198 per 50kg bag in late 1984. If these production costs are compared with those of 
other feed ingredients of similar composition (see Table 10), it can be seen that algal 
meal was not economical at this price and quality. 
There were two reasons why use of algal meal was not economical: 
(a) The quantity of algae produced was not sufficient to offset the high capital and 
running costs incurred. Yields of up to 53g/m2/day have been reported from a 
research team producing Smedesmusobhquusin Peru (Soeder, 1980). Benemann et 
al, (1979) reported yields of over 20g/ m2/ day for small systems. In contrast the highest 
average monthly yield at Nakambala was 5.1g/m2/day. This was probably mainly due 
to carbon dioxide starvation of the cultures. 
(b) Low quality of the algal meals. Contamination with silt meant that the value of the 
algal meals was low compared to the other ingredients which were available for 
indusion in the fish feeds. 
A completely different approach was adopted by the AIT team in Bangkok (Edwards 
and Sinchumpasak, 1981; Edwards of al 1981(a); Edwards e! a/ 1981(b)), who used 
tilapias growing in an algal pond to harvest the mianalgae. They reported mean algal 
yields of 15.7g/m2/day and fish yields approaching the equivalent of 20 
tonnes/ha/year. Although this approach seems attractive, growing fish in sewage 
loaded ponds raises questions of public health and particularly in countries such as 
Zambia, public acceptability. 
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Table 17. Summary of production flgura and estimated costs. 
Production 
(glm2y) 
Estimated cost of 
production(ZK/K¢l 
1983 July 128 
August 1.05 
September 2.51 15.75 
October 0.85 - 
November 2.68 - 
December 2.58 - 
1984 January 2.44 - 
February 3.57 - 
March 5.14 5.80 
April 4.50 5.52 
May 248 9.84 
June 3.10 8.42 
July 2.90 826 
August 3.97 6.17 
September 2.17 11.08 
October 352 1287 
November 1.48 1539 
December 1.81 26.13 
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6A Conclusions. 
The following recommendations and observations can be made on the experience 
gained from this project. 
(a) An algal plant should be situated to take advantage of as many free nutrients as 
possible. Carbon and nitrogen should be freely available in an area with high levels of 
sunlight. Distilleries or chemical plants in the tropics may be suitable locations. 
(b) The capital cost of the production facility should be kept to a minimum by using 
earth ponds. Mixing could be carried out by small submersible pumps. 
(c) The harvesting plant is the main capital cost and should be appropriately sized so 
that it is operating continuously. Further research is required on appropriate 
dewatering and drying techniques for the algal meal. 
(d) Although this project demonstrated that algal culture was not viable in this 
particular format at Nakambala, this does not mean that it should be neglected as a 
possible solution to the world shortage of high quality feed ingredients. This applies 
particularly to countries such as Zambia which can no longer afford the foreign 
exchange necessary to import such materials and so must depend on local supplies if 
they are to manufacture any stockfeeds for intensive animal production. Tropical 
countries have an advantage over temperate countries because sunlight irridiation 
levels are highest near the equator. With the right location and the appropriate 
research effort, algae culture may well have a role to play in these countries. 
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CHAPTER 7. RESEARCH AND FEED TRIAIS. 
Generally research work was carried out separately to the main production activities 
on the farm. The main aim of research was to determine, through experimentation, 
solutions to particular problems which arose in the operation of the main fame. Most 
of the research trials concentrated on evaluation of the effect of changes in feed 
formulations on fish performance however other subjects such as comparison of fish 
spedeswere alsoaddressed. 
The trials are presented in chronological order however they can be grouped into 
three main categories: 
A Trials 1-8 carried out in rectangular tanks which were not self cleaning. These 
concerned a number of subjects however results were often confused by the poor 
growth performance of fish in the tanks, probably due to tank design. 
B Trials 9- 14 carried out in self cleaning tanks (basin tanks and outside tanks) on 
vitamin supply in feeds. All these trials were designed to determine whether or not 
vitamin supplementation of the feeds was necessary. This was seen as being very 
important as a vitamin supplement was the only feed raw material which had to be 
imported into Zambia. As time went on importation became increasingly difficult 
leading to the conclusion that if it was essential for a vitamin supplement to be 
included in feeds, then manufacture of such feeds on a regular basis would have been 
impossible. 
C. Trials 15 -17 carried out in self cleaning tanks on other subjects. 
102 
7.1. Feed bW1. Protein and vitamin sources. 
Feed trial 1 was designed to investigate the effect of using different protein and 
vitamin sources in the feeds. The protein sources were screw pressed soya bean 
olcake, kapenta, fish silage and microalgae. The vitamin sources were yeast and a 
vitamin and mineral premix (see below for details). 
This feed trial was carried out in 5 test tanks, situated at the rearing unit (see figure 6). 
Each tank measured 3m x 0.7m with a water depth of 0.4m ( see figure 18). Kafue river 
water (see table 14) was supplied by a sparge pipe situated at one end of the tank, at a 
flow rate of 1m3/hr. Water was discharged at the other end through a flat inclined 
screen to an external swinging arm standpipe which also controlled the water level in 
the tank 
Each tank was stocked with 100 O, torhrnmis rnacvcliir of approximately l Og average 
weight. The fish were all derived from the same production tank The fish were 
allowed to acclimatise for a period of 32 days, during which they were fed normal 
production feeds (see table 11). Five feeds were formulated to supply 30% crude 
protein as shown in Table 18. Proximate analysis had not been carried out on the raw 
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materials, so the nutrient levels used in formulation were derived from Gohl (1981). 
The main protein sources used were soya bean oiicake (screw pressed as in section 52), 
kapenta (from a batch which had been rejected by the kitchens because it was too 
dusty), fish silage (see section 5.4) and algal meal (produced from the algae project - see 
chapter 6). Two vitamin sources were used, a vitamin and mineral premix (Multivit 
P, Assia Maabarot Ltd, Tel Aviv Israel - contents in table 18) and yeast (see section 4.7). 
Feed 1 was designed as the control, containing equal amounts of protein contributed 
by kapenta and fish silage, and also containing the vitamin/mineral premix In feed 2, 
all the animal protein was supplied by kapenta and the vitamin/ mineral mix was 
also used. Feeds 3 and 4 contained the same protein sources as the control, however 
no source of vitamins was used in feed 3 and yeast was used in feed 4. In feed S. 
kapenta was replaced by algae meal as one of the main protein sources. 
The feeds were made up by miring the milled ingredients thoroughly with a shovel, 
and passing them through the Lister pelleter fitted with a 2.5mm die(see section 5.6). 
Each feed was allocated to one tank of fish. At the start of the trial on 27/ 4/ 83, all the 
fish were counted and bulk weighed (Salter top pan scale), following anaesthetisation 
with benzocaine (1: 15000). A ration of 35% of body weight/ day was calculated for each 
tank, and fed in 3-5 hand feeds/day. Each tank was reweighed and counted at 14 days, 
28 days and at the termination of the trial after 38 days. Water temperatures fell during 
the trial from 250C at the end of April to 200C at the start of June. Specific growth rates 
and food conversion ratios were calculated as shown in table 18. Statistical analysis of 
the data was not possible because the treatments were not replicated. 
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Table 18. Feed foamulafons in feed trial 1(Expressed as %age of total feed as fed). 
Feed number 1 2 3 4 5 
Maize 55.4 55.4 55.6 543 55.4 
Soyabeanoilcake 332 332 333 326 332 
Kapenta 5.5 11.0 5.6 5.4 
Fish silage 5.5 5.6 5.4 5.5 
Algae - - - - 55 
Vit/ Min` 022 022 - 022 
Yeast -- - 22 - 
Multivit P(Assia Maabarot Ltd, Tel Aviv, Israel) - contents/2kg pack - vitamin A, 
10000000 LU; vitamin D 1000000 LU; vitamin E 2000 I. U; vitamin KC, 2000mg 
vitamin B2,5000mg vitamin B12,10mg nicotinic add, 25000mg pantothenic add 
11000mg choline chloride, 300000mg antioxidant, 125000mg procaine penicillin, 
10000mg manganese, 80000mg zinc, 50000mg iron, 25000mg copper, 2000mg cobalt, 
1200mg iodine, 200mg, 
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The results in table 19 show that generally growth was poor for this size of fish 
(specific growth rates from 0.47 - 0.9) and particularly in fish fed feed 1, the control feed 
(S. GR. = 0.47). Food conversion ratios were also high ranging from 14.06 to 4.02 Best 
performance was shown in tanks fed feeds without the vitamin premix (tanks 3 and 
4). 
Table 19. Results from feed trial 1. 
Feed number 1 2 3 4 5 
Initial Number 96 94 99 94 98 
Init. Avge Weight(g) 14.75 14.13 13.13 15.40 1629 
Final Number 89 88 94 92 87 
Final Avge. Wt. (g) 17.64 1830 18.32 21.70 2122 
S. G. R 0.47 0.68 0.88 (19 (17 
F. CR. 14.06 7.14 4.68 4.02 9.73 
Specific growth rate(S. G. R) _ (logew2 - logewl)/ tx 100 
wl and w2 are the initial and final average weights(grammes), respectively. 
t= length of test period in days. 
Food conversion ratio(FCR) = Weight of food fed/weight gain of fish. 
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D Qn 
Very little can be deduced from this trial, because of the relatively low growth rates, 
high food conversion ratios and the fact that no statistical analysis can be carried out 
because the treatments were not replicated It was clear, however, that fish 
performance was not enhanced by the presence of the vitamin premix In the feeds as 
the fish fed the three feeds with the prembc grew worse than the two tanks of fish fed 
feeds without the premix The premix was Intended for broiler chickens and had a 
vitamin balance quite different from the vitamin requirements proposed by the 
University of Stirling (see table 2). The premix also contained an antibiotic (procaine 
penicillin - 11mg/kg of feed). The possible effects of this are unknown. 
The growth rates were lower than has been suggested for O. mam h& in ponds. Maar 
etal (1966) indicated that D. lnaavchlr should be able to grow at the equivalent of a 
specific growth rate of 0.92%/ day between 10 and 90g weight in Zambia. 
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72 Feed Trial 2. Comparison of fish spedes. 
This trial compared the growth of the five different species which were available for 
culture at Nakambala including two indigenous species, Cv hnamismacrtxhb' and 
C cdziamis andersonit and three exotic species Ghxhrvmis n110l1CU4 
O, eocl»vm4& aureu. and Mirror Carp ( bus caipk). The main objective was to 
evaluate which of the species held most potential for culture at Nakambala, so that 
efforts in the hatchery could be directed towards that species. 
This trial was carried out in five test tanks (described in feed trial 1) supplied with 
Kafue river water (temperature 24 - 250C during the trial). Each of five test tanks was 
stocked with approximately 50 fish of one of the species. The 0 maa clilr and O. 
andeisonii came from production tanks in the rearing unit. The original stock for 
both species came from irrigation dams on the sugar estate. a awvw and O. nllodew 
were the first generation progeny from fish imported from the University of Stirling 
The mirror carp were part of a batch purchased from the FAO. / Fisheries Department 
research station at Chilanga, Zambia. 
The fish were bulk weighed (as in feed trial 1) and counted at the start of the trial and 
subsequently at 14 days, 28 days and at the termination of the trial after 40 days. The 
fish were fed standard production feeds (see table 11) at 4% of body weight/ day in 3-5 
hand feeds/day. 
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The results are shown in Table 20. Carp perfomed best with a specific growth rate of 
129 and a food conversion ratio of 3.34. Of the tilaplas, Q and'cic rh' grew best, 
although an S. G. R. of 0.74 and an F C. R of 5.1 cannot be considered as good growth. 
The other tilaplas showed very poor growth (S. G. R's, 0.49 - 0.51) and had high food 
conversion ratios. Some of the tilapias showed clear signs of breeding activity, 
particulary O. macivch&,, O. aum'usand O. niftIcus Male fish had established "nests" 
in the tanks, which were being actively defended. At weighing females from these 
three tanks were found to be canying eggs. 
Table 2Q. Results from Feed Trial 2. 
Initial Number 51 50 50 50 51 
Init. Avge Weight(g) 31.0 34.8 183 25.7 33.7 
Final Number 50 49 50 50 46 
Final Avge. Wt(g) 37.9 42.4 224 34.6 57.9 
S. G. R" 0.50 0.49 0.51 0.74 129 
FCR " 8.0 8.6 8.5 5.1 33 
" calculated as in feed trial 1. 
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Discussion 
Growth of the different species was dearly dominated by reproductive behaviour. 
Precocious maturity of tilaplas has long been recognised as a problem in extensive 
culture (Balarin and Hatton, 1979) and in intensive tanks, even small differences in 
tank configuration can have a profound effect on fish behaviour (Dickson, 1981). The 
main priority in reducing precocious maturity in tilapias seems to be to provide a 
featureless environment for the fish, such as in round or D- ended tanks where water 
flow is more or less even throughout the tank As soon as male tilapias are able to 
establish nests and territories, females will mature with a consequent reduction in 
growth rates of the fish Highest growth in this trial was with those fish which did not 
engage in breeding activity. Carp do not breed at this size or in this type of 
environment. O. andei vnii tend to mature later than other tilapias (Maar el al 
1966). This may be why they appeared to grow better than the other tilaplas in this 
trial. 
The trial was disappointing because the results were obviously specific to this 
particular tank system and could not be applied to the main production tanks. 
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73. Feed Trial 3. Protein levels and use of a vitamin premix 
By the end of 1983, it was clear that there were growth problems in the main 
production tanks. The farm was stocked mainly with Q mwovchlr which grew 
reasonably well up to 70 - 80g, after which growth slowed dramatically (see section 33). 
Dr Kim Jauncey of the Institute of Aquaculture, University of Stiriing, visited the farm 
for two weeks in November 1983. The aim of the visit was to develop feed 
formulations for the farm (Jauncey, 1984). One suggestion made by Dr Jauncey was that 
the feeds were probably deficient in vitamins. Although there were no normal 
supplies of vitamin premixes in Zambia at the time, a bag of a vitamin premix 
Intended for pigs was obtained (Nutra mix AIF - Hoescht Ltd. ). The vitamin premix 
was used in feed trial 3 to try to determine whether the growth problems were related 
to vitamin supply. 
The trial was carried out in six test tanks (as described in feed trial 1). During this trial 
the tanks were supplied with borehole water(24 - 25°C). Each tank was stocked with 50 
0 maavchir of approximately 28g average weight from a single production tank 
Six feeds were made up according to the formulations shown in table 21, by the same 
methods as used in feed trial 1 except that a 4mm pelleting die was used. Feed 1 used a 
standard fingerling formulation, feed 2 used an "improved" formulation containing 
higher levels of algae, blood, cottonseed oilcake and yeast and reduced maize and soya 
bean oilcake. Feed 3 was formulated to contain higher levels of protein than feeds I or 
2 Feeds 4,5 and 6 had the same formulations as feeds 1,2 and 3 respectively, except 
that they contained 1% of the Hoescht vitamin premix (sec table 21). 
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The fish were acclimatised for four days during which they were fed production 
fingerling food (see table 11). At the start of the trial, the fish were bulk weighed 
(method as feed trial 1) and counted. Each feed was allocated to one tank and fed at 3% 
of body weight/day in 3-5 hand feeds/day. The fish were reweighed and counted after 
14 days and at the termination of the trial at 24 days. 
Table 21. Feed formulations from Feed Trial 3. (%age of total feed as fed) 
Algae Z7 5 10 2.7 5 10 
Blood(Dried) 5 6 7 5 6 7 
H. F. M. 5 5 5 5 5 5 
Maize 20 9 5 19 8 4 
Fish Silage 5 5 15 5 5 15 
Wheatings 30 30 18 30 30 18 
Soya 20 15 20 20 15 20 
Cottonseed 10 20 10 10 20 10 
Yeast 23 5 10 23 5 10 
Vit. Mix' ---111 
' Nutramix AIF(Hoechst) contained(/ kg): Vitamin A 3333000 1. U; Vitamin D3,666700 
LU.; Vitamin $ 3335 LU; Vitamin K, 1670mg Vitamin ©1,335m$ Vitamin 82, 
1330mg Vitamin B6,165mg Vitamin B12,3.5 mg Nicotinic add, 8330mg Pantothenic 
acid, 3330mg Choline chloride, 100000mg Folic add, 335mg Biotin, 10mg, 
113 
The results shown in table 22 show very poor growth in all the tanks. The average 
weight of the fish in all but two of the tanks actually fell over the test period. This trial 
demonstrated that the growth problem encountered with Q rnacrochlr was not 
relieved by feeding feeds with elevated protein levels or with this vitamin premix 
Table 22. Results from feed trial 3. 
Feed number 1 2 3 4 5 6 
Initial Number 50 50 50 50 50 50 
Init. Avge. Wt. (g) 28.9 29.4 27.9 27.7 30.9 29.8 
Final Number 48 45 46 48 50 48 
Final Avge. Wt(g) 27.8 28.4 27.1 27.6 34.7 31.4 
S. G. R. -ve -ve -ve -ve 0.48 0.22 
7.4. Feed Trial 4. Use of a range of vitamin premixes. 
Feedtrial 3 had been carried out with the only vitamin premix available at the time. 
Due to the seriousness of the growth problem in the production fish, supplies of other 
vitamin mixes were secured. These were Multivit P (as used in feed trial 1) and 
vitamin and mineral premixes used in the manufacture of a trout feed in South 
Africa (Epoll Ltd. ) Feed trial 4 was to dtermine whether growth could be improved by 
the use of any of these supplements. 
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Because of the urgency of the situation, the same fish and tanks as had been used for 
feed trial 3 were used for feed trial 4. Six feeds were made up, according to the 
formulations shown In table 23, by mixing the milled Ingredients and pelleting using 
the Lister pelleter with a 4mm die (see section 5.6). Each feed contained different 
vitamin and/or mineral supplements. Each feed was allocated to one tank and fed at 
3% of body weight/ day in 3-5 hand feeds/ day. The fish were reweighed, counted 
and the rations adjusted after 14 days and at the termination of the trial after 28 days. 
Table 23. Feed formulaäans from Feed Trial 4 (% age of feed as fed). 
Feed number 1 2 3 4 5 6 
Formulations(%) 
Algae 2.7 27 2.7 27 2.7 2.7 
Blood(Dried) 5 5 5 5 5 5 
H. FM. 5 5 5 5 5 5 
Maze 20 19 193 19 19.65 19.1 
Fish Silage 5 5 5 5 5 5 
Wheatings 30 30 30 30 30 30 
Soyabean oilcake 20 20 20 20 20 20 
Cottonseedoilcake 10 10 10 10 10 10 
Yeast 23 2.3 2.3 2.3 23 2.3 
Multivit P1 1.0 - - - 
Nutramix AIF2 - - - 1.0 - - 
Epoll Vitamin mix3 - - 0.7 035 0.7 
Epoll Mineral mix4 - - - - - 02 
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Table23(Contd) 
I- Multivit P- as in feed trial 1. 
2- Nutramix AIF - as in feed trial 3. 
3&4- Epoll vitamin and mineral premixes were proprietary formulations used in 
trout feeds produced by the Epoll Feed Company lid, Durban, Republic of South 
Africa. 
The results in table 24 show that once again growth was very poor. Although the 
average weights of fish in each tank rose (S. G R. 's 0.02 - 0.34), mortalities during the 
trial left three of the tanks with lower total fish weights, than at the start of the trial, 
resulting in food conversion ratios of infinity. (Deady there was something very badly 
wrong with these fish, which did not respond to supplementation of the feeds with 
vitamins, from whatever source. 
Table 24. Results of feed trial 4. 
Feed number 1 2 4 5 6 
Init. Number 48 45 46 48 50 48 
Init. Avge. Wt. (g) 27.8 28.4 27.1 27.6 34.7 31.4 
Final Number 43 41 40 44 50 48 
Final Avge. Wt. (g) 29.5 312 28.4 29.4 34.9 32.9 
S. G. R" 021 034 0.17 029 0.02 0.17 
F CR" inf. 895 inf. Inf. 146 17.6 
" calculated as in feed trial 1. inf. = infinity. 
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7.5. Feed Trial S. Use of Epoll vitamin and mineral premixes vs. Epoll trout feed. 
Results from feed trials 1,3 and 4 had failed to indicate that the growth problems 
observed in O. macirx/zr in production tanks, could be relieved by increasing the 
dietary protein levels In the feeds, or by using vitamin supplements in the feeds. The 
few Q awn& and O. andersanil which had been stocked in the production tanks, 
appeared to be growing much better than the Q nwovoiir (see table 6). It was decided 
that feed trial 5 should use 0. aureus, and that the treatments should be duplicated 
The O. awvus were also to be sexed as all-males to circumvent the problems with 
precocious maturity observed in feed trial 2 The aim of the trial was to determine 
whether a vitamin supplement was required in the feeds. In addition to feeds 
manufactured at Nakambala, a bag of trout food had been imported from South 
Africa. This was to be used as a control, to determine whether good growth could be 
achieved at all in the test tanks. At the same time as feed trial 5 was being run, a 
production tank of O. andersonil in the rearing unit was fed the remainder of the 
trout food. 
Feed trial 5 was carried out in 6 test tanks (as described in feed trial 1), supplied with 
borehole water. Each tank was stocked with 23 a awv z males, hand sexed by the 
method described in Maar et al (1966), from one of the holding tanks in the rearing 
unit. The fish were allowed to acclimatise for 6 days, during which they were fed 
production fingerling food (see table 11). Two feeds were made up according to the 
formulations shown in table 25, by mixing a single batch of milled ingredients 
thoroughly and splitting the mix into two batches, to one of which was added the 
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vitamin and mineral premixes. Both batches were then remixed and pelleted 
separately in the Lister pelleter (see section 5.6) using a 4mm the. The other feed used 
was a trout feed which was imported from South Africa ( Epoll Ltd, Durban, RSA - 
Trout grower - minimum 38% protein). Each feed was randomly allocated to two 
tanks. 
At the start of the trial, the fish in each tank were bulk weighed( as in feed trial 1) and 
counted. Each feed was fed at a rate of 4% of body weight/ day in 3-5 feeds/day. The 
fish were reweighed, counted and the rations adjusted at 14,28,42 and 48 days when 
the trial ended. 
A sample of trout food and a sample of feed 1 was sent off for proximate analysis by 
the University of Stirling by AOAC methods (Jauncey, personal communication). 
No sample was taken of feed 2 as it was assumed that it would be identical to feed 1, 
having come from the same feed mix 
Results 
Results are shown in table 25. Best fish growth was in the two tanks fed trout food 
(average S. G. R. = 1.06) which was higher, though not statistically significantly higher, 
than the growth rates of fish fed the locally formulated feeds (S. GR range 0.46 - 0.86). 
There was no significant difference shown in growth between fish fed feeds 1 and 2, 
with and without the vitamin and mineral premix respectively. Food conversion 
ratios were poor (F. GR range 33 - 9.00). 
Proximate analysis of the feeds (Table 25) showed that the crude protein content of the 
trout food was much higher than that of the other feeds. 
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Table 22 Feed formulations (expressed as %age of total feed as fed) and results from 
Feed Trial S. 
2 3 
Fo mulatio s(%) 
Fish silage 5 5 
Algae 5 5 - 
Blood(dried) 5 5 
Soya oiicake 10 10 Epoll 
Cottonseed oilcake 10 10 Trout 
Sunflower oilcake 20 20 Feed 
Maize 10 10 - 
Wheatings 30 29.1 - 
Dry fish 5 5 
Epoll Vitamin mix - 0.7 
Epoll Mineral mix 
P i t l i (% 
- 
d 
02 - 
rox ma e ana ys s age 
Crude Protein 
ry matter) 
23.5 - 35.7 
Ether Extract 5.7 4.6 
Ash 
l 
5.8 - 11.9 
Resu ts 
Initial Avge. Weight(g) 63.1 705 65.0 
Final Avge. Weight(g) 84.8 100.7 1092 
% Mortality 22 22 0 
Average S. G. R' 0.6 a 0.71 a 1.06a 
Average FC. R' 735a 5.5a 3.45a 
' calculated as in feed trial 1. 
Figures in the same row with the same superscript are not significantly different. 
P<0.05. (Duncan, 1955) 
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This feed trial demonstrated that growth could be achieved with tilapias in the test 
tanks, however growth rates were disappointing and food conversion was very poor. 
The production tank of Q andeisonil in the rearing unit which was being fed trout 
food, was achieving much better growth, with a specific growth rate of 32 from 75g - 
44g. Growth in feed trial 5 was similar to that reported by Jackson e! al (1982) for 
smaller sized all male O. me amb/cus (S. G. R range 0.19 - 125, fish average initial 
weights range 12.4 - 523g). 
Fish growth seemed to be slightly better for those fed the trout food, probably because 
of the much higher protein content. This trial did not Indicate that vitamin 
supplementation of the locally produced feed, resulted in an Improvement in fish 
performance. 
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7.6. Feed Trial 6. Feeds with two protein levels with and without a vitamin premix 
Feed trial 5 had shown that growth was possible in the test tanks, provide that a single 
sex culture of a fish species other than a maavch/r was used. Feed trial 6 was to 
investigate the effect of two levels of protein in feeds made at Nakambala, with, and 
without vitamin supplementation, over an extended period 
This trial was carried out in eight test tanks (as described in feed trial 1) supplied with 
borehole water. Each tank was stocked with 50, hand sexed, male, Q aumus of 
approximately 25g average weight, from the same production tank The fish were 
allowed to acclimatise for two weeks during which they were fed production 
fingerling food (see table 11). 
Four feeds were made up according to the formulations in table 26. These were 
prepared in two batches, one for the normal protein level feeds 1 and 2, the other for 
the higher protein level feeds 3 and 4. Each batch was milled, mixed, then split into 
two separate batches, to one of which was added the vitamin and mineral supplement 
(Epoll - as used in feed trials 4 and 5). The feeds were then pelleted separately in the 
Lister pelleter (see section 5.6) using a 4mm die. 
Each feed was randomly allocated to two tanks of fish and fed at a rate of 33% of body 
weight/ day in 3-5 hand feeds/day. The fish in each tank were counted and weighed 
(as in feed trial 1) at the start of the experiment and at fortnightly intervals thereafter 
until the trial finished after 98 days. Proximate analysis of each feed was carried out by 
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the laboratory of the National Milling Company, Lusaka, using AO. AC. methods 
(Horwitz, 1980). 
Table 26. Feed formulations (expressed as %age as fed) and proximate analysis 
(expressed as %age of moisture free weight) from Feed 'Dial 6. 
Feed Number 1 2 3 4 
Feed Formulations( % 
Fish silage 
) 
5 5 5 5 
Algae 3 3 3 3 
Blood 5 5 5 5 
Soya oilcake 10 10 10 10 
Cottonseedoilcake 10 10 10 10 
Sunflower oilcake 10 10 10 10 
Wheatings 42 41 22 21 
Yeast 5 5 5 5 
Kapenta 10 10 30 30 
Epo11 Vitamin mix' - 0.7 - 0.7 
Epoll Mineral mix' 
P i % l 
- 
) 
03 - 03 
rox ysis( mate Ana 
Moisture 9.1 103 9.1 7.6 
Crude Protein 38.6 38.0 472 46.9 
Ether Extract 9.7 9.0 8.9 8.8 
Crude Fibre 3.8 24 32 3.9 
Ash 8.1 7.7 9.9 102 
" as used in feed trials 4 and S. 
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The results, in Table 27, show that growth of the fish was reasonably good (S. G. R 
range 128 -1.52) with much better feed conversion than had been achieved in these 
tanks before (F. C, R range 213 - 261). Differences between growth rates and food 
conversion ratios of fish fed different feeds were not statistically significant. Proximate 
analysis of the feeds showed that the crude protein level in both sets of feeds was very 
high, 38% and 47%. This is well in excess of the protein levels recommended for 
tilapias of this size (see section 12), and probably contributed towards the satisfactory 
growth shown by the fish There was no apparent difference in growth between fish 
fed feeds containing the vitamin and mineral supplements and those without. 
Table 27. Results of teed trial 6 
Initial Avge. Wt. (g) 272 26.1 27 25.4 
Final Avge. Wt. (g) 97.6 1005 98.6 111.9 
% Mortality 2.5 4.0 1.0 12 
Average S. G. R" 131 1.38 132 1.51 
Average F. CR" 2.56 241 246 217 
" calculated as in feed trial I 
123 
7.7. Feed Trial 7. Replacement of animal protein with plant protein. 
Feed trials 5 and 6 had demonstrated that tilapias could be grown in the test tanks, If 
only males were used, and the protein level in the feed was high enough. Protein and 
particularly animal protein, was however, the most expensive and most difficult 
major nutrient to supply in the feeds. This trial was designed to investigate to what 
extent animal protein could be replaced by plant protein supplied by mlcroalgae, 
filamentous algae and leucaena. 
All of the ten test tanks were used (as described in feed trial 1) supplied with borehole 
water (water temperature 24 - 25°C). Each tank was stocked with 100 unsexed Q awrus 
of approximately 15g average weight, from one production tank The fish were 
allowed to acclimatise for two weeks before the start of the trial, during which they 
were fed production fingerling food (see Table 11). 
Five feeds were made up according to the formulations shown In Table 2& These were 
all formulated to supply 30% crude protein. feed I was the control, with kapenta and 
soya bean oiicake as the main protein sources. In feeds 2 and 3,50% and 75% 
respectively of the kapenta was replaced by microalgal meal (see Chapter 6). In feeds 4 
and 5,50% of the kapenta was replaced by filamentous algae and leucaena, 
respectively. Filamentous algae (Sphngyra spp) was harvested from an outdoor 
channel carrying effluent from the farm The algae was sun dried before use in the 
feed. 
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Leucaena was collected from a plot of land belonging to Ceres Farms Ltd. Mazabuka 
(see section 4.7). No vitamin supplements were used to the feeds. The ingredients for 
each feed were weighed out separately, milled and pelleted (lister pelleter - 4mm die - 
see section 5.6). 
Each feed was allocated to two tanks and fed at 35% of body weight/ day. The fish in 
each tank were bulk weighed (as in feed trial 1) counted and rations set at the start of 
the trial, at fortnightly intervals, and at the end of the trial after 99 days. A sample of 
each feed was taken for proximate analysis by the laboratory of the National Milling 
Company Ltd, Lusaka (AO. AC. methods(Horwit419801). 
The results in Table 28, show that fish growth rates were reasonably good (S. G. R. range 
127 - 1.60) as were the food conversion ratios (range 225 - 2-99). Although growth 
appeared to be slightly higher in fish fed feeds 1 and 5, the differences were not enough 
to be statistically significant. Differences in food conversion were also not statistically 
significant. Proximate analysis of the feeds indicated quite large differences in the 
crude protein levels, despite formulation of each to provide 30% crude protein. This 
was probably due to differences between the crude protein levels of the ingredients 
used and the levels recorded in previous samples. Relatively high mortalities were 
recorded in fish fed feed 1, however the surviving fish showed no obvious signs of 
distress. The raw material costs for each feed was estimated to allow economic 
evaluation of the trial. Feeds containing microalgal meal were much more expensive 
than the other feeds, because of the high cost of this raw material (ZK3000/tonne). 
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Table 24. Feed formulations (expressed as %age of total feed as fed), Pmxlmatc 
Anaiysi: (expressed as %age of moisture free weight), feed costs(ZK/tonne) and 
results from Feed Thal 7. 
Feed Fonnulations(%) 
Kapenta 20 10 5 10 10 
Algae 30 40 
Soya oilcake 30 30 30 30 30 
Wheatings 45 25 20 25 25 
Yeast 5 5 5 5 5 
Filamentous algae - - - 30 - 
Leucaena - - - 30 
Raw Material Cost 
(ZK/tonne) 924 1478 1616 878 825 
Proximate analysis(%) 
Moisture 12.0 11.4 10.4 9.5 10.7 
Crude Protein 24.8 26.6 30.0 29.8 25.8 
Ether Extract 8.1 8.9 9.4 9.6 85 
Crude Fibre 19.0 20.6 21.7 22.5 22.4 
Results 
Initial Avge. Wt. (g) 18.9 19.3 20.1 17.4 17.55 
Final Avge. Wt. (g) 79.8 732 71.9 64.6 81.8 
% Mortality 172 20 3.6 3.0 1.0 
Average S. G. R' 1.46a 135a 129a 133a 1.56a 
Average F. CR' 2.73a 2.55a 2.68a Z73 a 2.31 a 
' calculated as in feed trial 1. Figures in the same row with the same superesript are 
not significantly different P<0.05. Duncan (1955). 
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This trial would seem to indicate that the plant proteins used, adequatelyreplacedpart 
of the protein supplied by kapenta in feed 1. The high expense of the microalgal meal 
compared to the other plant protein sources meant that it was too expensive to use in 
normal production rations. The most promising result was with feed 5, containing 
leucaena meal. Fish fed this feed grew at similar rates to those fed the control and the 
feed was also considerably cheaper. Leucaena meal was also starting to become 
available to the fish farm in much higher quantities than filamentous algae or 
microalgae. 
This would seem to disagree with the findings of Jackson e1 a! (1982) who reported 
that increasing levels of leucaena meal caused marked growth depression in Cl 
massamblcus fingerlings. Appler and Jauncey(1983) replaced fish meal with 
filamentous algae (©adopshora glomeraf4 in feeds for a nl/oucus Despite growth 
depression with increasing levels of incorporation of the algae, the conclusion was 
that algal meals can be viable partial dietary protein sources for tilaplas. 
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7.5. Feed Trial 8. Use of a range of Vitamin C sources. 
Feed trials 1,3,4,5 and 6 had failed to provide any dear indication that vitamin 
supplementation of the tilapia feeds was necessary, however work at the University of 
Stirling on the dietary requirements of tilaplas for vitamin C., Indicated that high 
levels were required (Jauncey, Soliman and Roberts, 1985; Soliman, Jauncey and 
Roberts, 1986W, Soliman , Jauncey and Roberts, 1986(b)). Feed trial 8 was designed to 
investigate the dietary requirements of O. awris for vitamin C from a range of 
sources, vitmin C tablets from the local chemist, In Epoll vitmin mix (see feed trial 4) 
and from the pulp of baobab fruits (Adansan/a tgilal4 which had been reported to 
contain 370 mg/ 100g of ascorbic acid (vitamin C) (Anon, 1975). 
Ten test tanks were used for this trial (see feed trial 1) supplied with borehole water 
(temperature 24 - 25 °C). Each tank was stocked with approximately 50 O. auwus 
males (hand sexed), all from the same production tank The fish were allowed to 
acclimatise for two weeks during which they were fed production fingerling food (see 
Table 11). Five feeds were made up according to the formulations shown in Table 29, 
by milling and mixing a single batch of feed containing the raw materials indicated in 
the feed base. From this batch, 5 individual, 10kg batches were taken, to which were 
added the vitamin sources. Feed 1 contained no source of vitamins. Feeds 2 and 3 
contained 2g and 12.5g of vitamin C tablets respectively (to supply 200mg/kg and 
1250mg/ kg vitamin Q. Feed 4 contained 50g of Epoll vitamin mix (vitamin C level 
unknown) and feed 5 contained 88g of baobab pulp which should have supplied 
33mg/kg vitamin C 
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Each feed was pelleted (Lister pelleter - 4mm die - see section 5.4), randomly allocated 
to two tanks and fed at 2% of body weight / day in 3-5 hand feeds/ day. 
The results shown in Table 29, indicate that growth was poor, with specific growth 
rates ranging from 0.53 - 0.82%/ day. Food conversion was also poor (FCR range 249 - 
42). There were no significant differences between treatments. 
Table 29. Feed formulations (expressed as % of total feed as fed) and results from 
feed trial 8. 
Feed number 12345 
Formulations 
Feed Base(W 135 135 135 13S 13S 
Vitamin C tablets(g) -2 125 
Epoll Vitamin Mix(g) -- 50 
Baobab Fruit Pulp(g) ---- 88 
R 
Initial Avge. Weight(g) 
Final Avge. Weight(g) 
% Mortality 
Average S. G. R" 
82.4 83.4 953 
106.9 109.4 1253 
0 1 1 
0.63a 0.65a 0.65a 
90.9 813 
127.9 1093 
00 
0.82a 0.71 a 
Average F. GR'" 353a 3.59a 3.52a 265a 3.12a 
" Feed Base contained: 5kg Kapenta, 3kg Full Fat Soya, 2kg Wheatings, 05kg Yeast, ikg 
Leucaena, 2kgBagasse/ Molasses. 
" calculated as in feed trial I 
Figures in the same row with the same superscript are not significantly different 
P<0.05 (Duncan , 1955). 
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The results of this trial did not agree with those from feeding trials conducted at the 
University of Stirling Soliman, Jauncey and Roberts (1986) reported that Q n/la! lcui 
(initial weight 12g), fed a basal diet without any form of vitamin C supplementation, 
showed significantly poorer growth, higher food conversion ratios, haemorrhaging of 
fins, shortened operculae, caudal fin erosion, exopthalmia, spinal deformities and 40% 
mortalities when compared with fish fed ascorbic add supplemented feeds. Whilst it 
could be argued that the growth rates of fish in the test tanks were not high enough to 
expose such overt signs of vitamin deficiency, normal production feeds at Nakambala 
were not being supplemented with vitamins and fish of the same sizes as those used 
at Stirling were not showing dramatic vitamin deficiency symptoms. If the farm had 
been suffering from mortality rates of 40% along with the other symptoms of vitamin 
C deficiency listed above, it would probably have meant that the farm could not 
continue, as it would have been impossible to obtain regular supplies of ascorbic add 
to be used in the feeds at the recommended level of 1250mg/kg. 
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B Trials carried out in self cleaning tanks on vitamin supply in feeds. 
7.9. Feed trial 9. Use of a range of vitamin C sources. 
Introduction 
The growth rates achieved in feed trials I to 8 had been disappointing. Feed trials 1,3 
and 4 and the results from production tanks, had established that Q fmavth/r was 
unsuitable for intensive culture. Feed trials 5 to 8 used 0. aureus, which grew better, 
but still not as well as, the results which were being achieved with the same fish and 
similar feeds in production tanks at the rearing unit (see table 6). The conclusion was 
that the test tanks were unsuitable for tilapia growth. Water flow was uneven because 
of the rectangular shape, and they were not self cleaning The shape also encouraged 
reproductive behaviour by allowing males to establish territories in mixed sex 
cultures. 
As a result of this it was decided that two new tank systems would be set up with 
round, self cleaning tanks, specifically designed for feed trials. One system was to be 
for small fish (ig - 20g), the other for larger fish (20g+). The new systems are described 
in the materials and methods of feed trials 9 and 10. Each system had 12 tanks, which 
allowed treatments to be carried out in triplicate, making statistical analysis of results 
easier. 
Feed trial 9 was to be carried out in the system for smaller fish (basin tanks) and was to 
repeat the type of approach used in feed trial 8. Four feeds were to be used, with 
different vitamin C sources. 
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Feed trial 9 was carried out in the basin tanks. These were twelve, 20 litre capacity, 
round plastic basins (diameter 36cm, water depth 20cm). A diagram is shown in Figure 
19. Each tank was supplied with 031/min of borehole water (24 - 25°C), directed 
tangentially in the tank so that a current was set up. The water level was controlled by 
a central standpipe with a standpipe cover which caused water to be drawn from the 
bottom of the tank This together with the flow created by the inlet, ensured that the 
tanks were completely self cleaning, 
Each tank was stocked with 20, O. nilodcus of approximately 1.5g average weight. The 
fish were allowed to acclimatise for one week, during which they were fed production 
fingerling crumble feeds (see Table 11). Four feeds were formulated as shown in Table 
30. The feeds were manufactured by mixing the milled ingredients for a single batch of 
the feed base. To 1 kg of this base was added the vitamin supplements for each feed. 
Feed 1 contained no vitamin supplement. Feeds 2 and 3 contained 02g and 125g of 
vitamin C tablets respectively (to supply 200mg/kg and 1250 mg/ kg vitamin Q. 50g of 
baobatpulp was added to the feed base for feed 4. Each feed was thoroughly mixed, a 
little water added to make the feed into a stiff dough, and the dough extruded in a 
hand mincer to make long strings. The strings were dried in warm air from a blower 
(35°C), broken up using a liquidiser and sieved to pass through a 2mm mesh. 
Each feed was randomly allocated to three tanks and fed at 5% of body weight/ day in 3 
-5 hand feeds/day. The fish were bulk weighed (Ohaus triple beam scale) following 
anaesthetisation with benzocaine (1: 15000) at the start of the trial and subsequently 
every fortnight until the end of the trial at 50 days. 
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Figuze 19. The basin tucks. 
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Table 26. Feed formulations and results from feed trial 9. 
Fe number 1 2 3 4 
Feed Formulations 
Feed Base'(kg) 1 1 1 1 
Ascorbicadd(g) - 02 125 - 
Baobabpulp(g) 
R lts 
- - - 50 
esu 
Initial Avge. Weight(g) 2.15 1.62 2.18 1.74 
Final Avge. Weight(g) 4.69 4.0 5.74 429 
% Mortality 6.8 5.1 16.9 7.0 
Average S. G. R"" 1.55a 1.82a 1.93a 1.81 a 
Average F. CR" 3.97a 3.18a 3.77a 3.46a 
" Feed base contained: 3kg Kapenta, 3kg lucerne, 26kg Yeast, 1kg Bagasse/molasses, 
0.4kg Soya oil. 
Figures in the same row with the same superscript are not significantly 
different(P<0.05, Duncan, 1955). 
The results, in table 30, show that growth was disappointing for this size of fish (S. G. R. 
range 1.46 - 1.97; F. CR range 265 - 4.16). There was very little difference shown 
betweenthe treatments. The new tanks worked reasonably well except that the water 
inlet pipes blocked up with particles of calcium carbonate from time to time, which 
may have had an adverse effect on growth. Mortality figures were higher than usual 
because of fish jumping out of the tanks. 
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The results from this feed trial made the vitamin supply situation no clearer. 
Supplementation of the feeds with vitamin C from a range of sources, did not 
improve growth. 
Two modifications were made to the tank system following this trial. A water filter 
was fitted on the water inlet to the tanks to remove particles of calcareous material, 
and each tank was fitted with a cover net to stop fish jumping out. 
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7.10. Feed trial 10. Vitamin supply in feeds. 
Although several feed trials had been carried out, it was still unclear whether a 
vitamin mix was required by tilaplas at Nakambala. Following discussions with Dr 
Jauncey and Tate and Lyle Techical Services, a vitamin premix was formulated by Dr. 
Jauncey, compounded by Four-F International Ltd, Cambridge, England and supplied 
by T. LT. S. The vitamin premix was designed to supply the vitamin levels 
recommended for tilapia feeds by the University of Stirling and was to be used In a 
series of feed trials, along with small quantities of individual vitamins which were 
supplied at the same time, to establish for certain whether growth of tilaplas at 
Nakambala was significantly affected by the supply of vitamins. 
Feed trial 10 was to be the first in the series. This was carried out to the outside tanks 
(described below) with four feeds used in triplicate treatments: 
Feed 1- Basic formulation with no added vitamins. 
Feed 2- Basic formulation with an added vitamin premix. 
Feed 3- Formulation containing 10% lucerne and 5% yeast to supply some vitamins 
in higher levels than in Feed 1. 
Feed 4- Formulation containing 10% lucerne and additional individual vitamins to 
bring the overall vitamin levels close to those recommended for tilapias. 
Feed trial 10 was carried out in the outside tanks. This was a set of twelve tanks, 
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constructed from mild steel, large diameter, piping from the sugar factory scrap yard. 
The pipes were cut into lengths of 50cm and set in concrete at one end. A diagram is 
shown in Figure 20. Each tank had a capacity of 300 litres of water (diameter im, water 
depth 38cm), and was supplied with 6.0 litres/minute of Kafue river water. Water flow 
into each tank was by a sparge pipe which created a tangential flow of water in the 
tank The water level was controlled by a central standpipe with a standpipe cover 
which caused outgoing water to be drawn from the bottom of the tank This ensured 
that the tanks were self cleaning 
Each tank was stocked with 40,0 auvus, of approximately 40g average weight, from 
the same production tank The fish were allowed to acclimatise for 10 days during 
which they were fed production grower food (see Table 11), which contained a vitamin 
premix(see Table 31). 
Four feeds were made up according to the formulations shown in Table 31. The raw 
materials were weighed out, milled and pelleted in the Lister pelleter (see section 5.6), 
using a 4mm die. Each feed was randomly allocated to three tanks of fish and fed at 
rates which were reduced from 5% to 3% of body weight/day in 3-5 handfeeds/day 
over the course of the Mal. The fish were bulk weighed (Salter top pan balance - 
anaesthetisation with benzocaine 1: 15000) and counted at the start of the trial and at 
fortnightly Intervals until the end of the trial at 56 days, when they were weighed 
individually (Ohaus triple beam balance following anaesthetisation and surface 
drying), measured (standard length) and sexed. Condition factor was calculated 
according to the formula: CF. = Weight/ (Standard Length)3x100 
Proximate analysis of the feeds was carried out by the National Irrigation research 
station, Nanga, nr Mazabuka (AOAG methods; Horwitz, 1980). 
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Table 27. Feed f mnulations(expressed as % of total feed as fed) and prnodmate 
analysis of feeds (expressed as %age of moisture free weight) from feed trial 10. 
Kapenta 25 25 20 25 
Full fat soya 20 20 20 20 
Sunflower oilcake 20 20 10 10 
Wheatings 20 20 20 20 
Bagasse/molasses 15 14 15 15 
Lucerne - - 10 10 
Yeast - - 5 - 
Vitamin Premix' - I 
Individual vitamins" - - - + 
Proximate analysis(%) 
Moisture 8.0 75 4.4 8.1 
Crude Protein 362 36.8 36.1 37.4 
Ash 11.4 132 8.1 9.0 
Tate and Lyle Vitamin Premix containing(/kg of premix} Vitamin A 200000 IU/kg 
Vitamin D3 1000000 IU/kg Vitamin E 10000 IU/kg Vitamin K 1000 mg/kg Vitamin 
BI 1000 mg/kg Vitamin B2 2000 mg/kg Vitamin B6 1000 mg/kg Vitamin B12 100 
mg/kg Nicotinic Acid 2800 mg/kg Pantothenic add 2500 mg/kg Cholinc chloride 
50000 mg/kg Vitamin C 125000 mg/kg Folic add 600 mg/kg Biotin 100 mg/kg 
Inositol 20000 mg/kg Antioxidant 20000 mg/kg 
"" Individual vitamins to supply/kg of finished feed: 0.75mg Biotin, 10mg Vitamin 
131,20mg Vitamin B2,10mg Vitamin B6,25 IU Vitamin F 125g Vitamin C 
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The results displayed in Table 32 show that the fish fed feed I (without a vitamin 
premix), grew as well as the fish fed feeds 2 and 3, and significantly better than the fish 
fed feed 4. Food conversion ratios followed the same pattern, with the F. GR. of fish 
fed feed 1 significantly lower than those fed feed 4, but similar to the F CR's for fish 
fed feeds 2 and 3. There was no significant difference in survival rates or condition 
factors shown between treatments. 
Table 32 Results of feed trial 10. 
Feed number 1 2 3 4 
Initial Avge. Weight(g) 34.2 35.6 362 38.6 
Final Avge. Weight(g) 942 95.0 927 90.7 
% Survival 975a 96.7a 97.5a 97.5a 
Average S. G. R" 1.81 a 1.75ab 1.68ab 1.68b 
Average F. CR" 201a 212ab 220ab 245b 
Average CF. 3.44a 3.45a 334a 3.42a 
% female 38.1 38.9 40.4 43.1 
Figures in the same row with the same superscript are not significantly different(P < 
0.05; Duncan, 1955). 
* calculated as in feed trial 1. 
The results of this trial are discussed at the end of feed trial 14. 
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7.11. Feed Trial 11. Vitamin supply in feeds. 
This trial was to use the same pattern of feeds as was used in feed trial 1Q but for 
smaller O. nrlo//ais in the basin tanks. 
Each of the twelve basin tanks(as described in feed trial 9) were stocked with 37 Q 
MoMcus of approximately ig average weight The fish were allowed to acciimatise for 
10 days during which they were fed on production fingerling crumble food whioch 
contained a vitamin premix 
Four feeds were made up according to the formulations shown in Table 33. The feeds 
were made up by the hand mincer method described in feed trial 9. Each feed was 
randomly allocated to three tanks. The fish were fed at rates which reduced from 10% 
to 5% of body weight/day in 3-5 hand feeds/day over the course of the trial. Fish 
were bulk weighed (Ohaus triple beam scale following anaesthetisation with 
benzocaine - 1: 15000) and counted at the start of the trial and at fortnightly intervals. 
The trial ended after 81 days when all the fish were individually weighed (as above) 
and inspected for signs of haemorrhaging Haemorrhaging was scored according to an 
arbitrary scale: 
0- no visible haemorrhaging, 
1- haemorrhaging at base of pectoral fin. 
2- haemorrhaging at pectoral fin and mouth 
3- extensive haemorrhaging at base of all fins and mouth. 
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Table 28. Feed formulations (expressed as %age of total feed as fed) and proximate 
analysis of feeds(expressed as % of moisture free weight) from feed trial 11. 
Kapenta 30 30 25 30 
Full fat soya 30 30 30 30 
Sunflower oilcake 20 20 10 10 
Wheatings 20 19 20 20 
Lucerne - - 10 10 
Yeast - - 5 
Vitamin premix - I 
Individual vitamins" - - - + 
Proximate analysis(%) 
Moisture 8.6 93 9.1 7.5 
Crude Protein 46.8 47.7 45.6 46.0 
Ether Extract 5.5 6.0 6.4 6.0 
Crude Fibre 7.1 8.1 8.0 8.4 
Ash 62 7.1 7.0 6.6 
and "" - as in feed trial 10 
Proximate analysis of the feeds was canted out by the National Milling Company, 
Lusaka, by AO. AC. methods (Horwitz, 1980). 
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The results are shown in Table 34. Fish fed feed I (without vitamin supplementation) 
grew significantly better than fish fed feed 4 and at a similar rate to those fed feeds 2 
and 3. There was no significant difference between food conversion ratlos or survival 
rates of fish fed on the four feeds. The average degree of haemorrhaging was 
significantly higher in fish fed feed 1. 
Table 34. Results of feed trial 11 
Feed number 1 2 3 4 
Initial Avge. Weight(g) 0.81 1.05 0.95 0.98 
Final Avge. Weight(g) 526 6.58 6.03 5.93 
% Survival 67.6a 80,8a 81.1 a 883a 
Average S. G. R' 231 a 226ab 2Zab 222b 
Average F. CR" 3.09a 3.04a 3.00a 3.03a 
Average Haemorrhaging 1.69a 0.59b Q78b 0.62b 
Figures in the same row with the same superscript are not significantly different(P < 
0.05; Duncan, 1955). 
" calculated as in feed trial I 
This trial is discussed at the end of feed trial 14. 
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7.12. Feed Trial 12. Vitamin supply in feeds. 
Introduction 
This trial used the same pattern of feeds as was used in feed trials 10 and 11, for 0 
rtiloicuc of intermediate size, to the outside tanks. 
Each of the 12 outside tanks were stocked with 70 Q nlloticus of approximately 8g 
average weight from the same production tank The fish were allowed to acclimatise 
for 13 days, during which they were fed fingerling crumble production food, with a 
vitamin premix (see Table 11). 
Four feeds were made up to the formulations shown in Table 35 by the same methods 
as were used in feed trial 10. After pelletisation, the feeds were crumbled in a hand 
grinder and sieved to pass through a 3mm mesh Each feed was randomly allocated to 
three tanks and fed at rates which were reduced from 6 to 4% of body weight / day in 3 
-5 hand feeds/ day over the course of the trial. 
The fish were bulk weighed (Salter top pan scale) following anaesthetisation with 
benzocalne (1: 15000) and counted at the start of the trial and subsequently at 
fortnightly intervals. The trial ended after 70 days when the fish were individually 
weighed (Ohaus triple beam scale following anaesthetisation). 
A sample of each feed was subjected to proximate analysis at the National Milling 
Company, Lusaka (AOAC. methods; Horwitz, 1980). 
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Table 35. Feed fonnulations (expressed as %age of total feed as fed) and proximate 
analysWexpmessed as % of moisture free weight) of feeds from teed trial 12. 
Kapenta 10 10 10 10 
Blood Meal 15 15 10 15 
Full fat soya 20 20 20 20 
Sunflower oilcake 20 20 10 10 
Wheatings 20 20 20 20 
Bagasse/molasses 15 14 15 15 
Lucerne - - 10 10 
Yeast - - 5 
Vitamin premix - 1 - . 
Individual vitamins" 
P i l t i (%) 
- - + 
rox ma e ana ys s 
Moisture 85 8.2 85 9.0 
Crude Protein 432 40.4 372 40.7 
Ether Extract 6.6 6.8 7.1 6.8 
Crude Fibre 105 10.3 10.8 105 
Ash 7.0 7.4 7.4 7.5 
" and "- as in feed trial 10. 
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The results in Table 36 show that fish fed feed I (without the vitamin supplement) 
had similar specific growth rates to fish fed feeds 3 and 4 and significantly higher 
growth rates than fish fed feed 2 (containing the Tate and Lyle vitamin premix). The 
food conversion ratios of fish fed feeds I and 3 were significantly lower than those of 
fish fed feed 2 and similar to the F. GR's of fish fed feed 4. There was no significant 
difference in survival rates between the different treatments. 
Table 36. Results of feed trial 12 
Feed number 1 2 3 4 
Initial Avge. Weight(g) 9.44 9.51 9.67 9.90 
Final Avge. Weight(g) 320 29.4 312 31.6 
% Survival 96.6 a 98.1 a 97.1 a 98,1 a 
Average S. G. R' 1.74a 1.61 b 1.67ab 1.66ab 
Average FC. R' 250a 269b 2.52a dab 
Figures in the same row with the same superscript are not significantly different(P < 
0.05; Duncan , 1955). 
calculated as in feed trial 1. 
These results will be discussed at the end of feed trial 14. 
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7.13. Feed trial 11 Vitamin supply in feeds. 
In addition to the feed trials conducted In the experimental systems using the Tate and 
Lyle vitamin premix it was felt that It would be useful to carry out a trial in two of the 
production tanks in the rearing unit. 
Approximately 5000 O. nioticus of approximately 10g average weight were stocked 
into each of two production tanks (see section 23). Tank 1 was fed normal fingerling 
crumble food (see table 11) containing Tate and Lyle vitamin premix (see table 31). 
Tank 2 was fed feeds of the same formulation but without the vitamin premix The 
feeds were prepared using normal methods (see sections 5.6 and 5.6). When the fish 
passed 30 g average weight, the feed was changed to pelleted grower food. 
A sample of at least 100 fish from each tank was bulk weighed (Salter hanging scale 
following anaesthetisation with benzocaine, 1: 15000) every 14 days and rations 
adjusted accordingly. Feeding rates were reduced from 65% to 32% of body 
weight/ day over the course of the trial. Feeding was by a combination of demand and 
hand feeding throughout daylight hours. After 92 days over 100 fish from each tank 
were individually sexed, weighed and measured (Standard Length). On the following 
day a further sample of 30 fish was taken from each tank and dissected to establish sex 
and level of maturityThe trial ended after 98 days. Maturity was assessed according to 
the scale. 1- immature, testes or ovaries undeveloped. 
2- intermediate 
3- mature. testes or ovaries fully developed. 
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The average weights of samples taken from the tanks over the 98 day period are 
displayed in Figure 21. Overall results are shown in Table 37. 
Growth was excellent for the first ten weeks, but then slowed probably due to lower 
water temperatures. By the end of the experiment the fish fed the vitamin mix 
appeared to be growing slightly better than those without, although the difference 
could have been due to sampling error. 
The results of samples taken at 92 days are displayed in Table 38. These show very little 
difference in average weights or condition factors between the two tanks. The fish in 
tank I showed greater variability in size indicated by the higher standard deviation of 
weights. It was thought that this may have been due to a higher percentage of females 
in the sample from tank 1, but when the data were split between the sexes the higher 
degree of variability was shown by both males and females. 
Table 37. Results of Feed Trial 111. Data from fortnightly samples. 
1 2 
Treatment With vitamin premix Without vitamin ßimiiX 
Initial Average Weight(g) 11.3 113 
Final Average Weight(g) 132.9 1142 
Average Weight Gain(g/ day) 124 1.05 
S. G. R. after 10 weeks' 293 2.97 
S. G. R. after 14 weeks' 2.52 2.36 
Overall F. C. R" 1.95 218 
Survival(%) 99.6 99.7 
" calculated as in feed trial 1. 
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Figure 21. Results of the feed trial in production tanks. Average weights of 
samples from tanks I&2 over 98 days. 
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Table 3H. Results from feed trial 13. IL Data from samples taken after 92 days. 
1 
Average Weight(g+/- standard deviation) 
Average Condition Factor 
No. of Females in Sample 
Average Weight of Females(g+/-s. d) 
No. of Males in Sample 
Average Weight of Males(g+/-s. d. ) 
1155+/-352 
421 
48 
97.6+/-28.8 
54 
131.5+/-327 
2 
113.3+/-292 
423 
40 
97.1+/-24.0 
63 
123.6+/-27.7 
The results of the fish sampled and dissected to establish level of maturity are shown 
in Table 32. This was carried out to see whether the higher degree of variability In size 
in tank 1 was due to fish maturation in response to adverse condition caused by a 
shortage of vitamins. The results indicate that females in tank I seemed to be more 
mature than those in tank 2, wheras for males, those in tank 2 had a higher degree of 
maturity than those in tank 1. It would be useful to have a more precise means of 
determining maturity before any firm conclusions could be drawn from this. 
Table 32 Results from Feed Trial 13. III. Data from samples dissected after 93 days to 
establish level of maturity. 
1 2 
Treatment With vitamin premix With utMtamin m=ix 
Average Weight(g+/-standard deviation) 1173+02.5 116.9+/-31.0 
Average degree of maturity(+/- s. d. ) 1.77+1472 1.78+1"0.75 
Avge. degree of maturity for males(+/- s. d. ) 1.94+/-0.68 205+/-0.69 
Avge. degree of maturity for females(+/- s. d) 1.60+/-a74 1.33+/-0.65 
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7.14. Feed Trial l4. Vitamin supply in feeds. 
The preceding trials (10 - 13) seemed to indicate that there was no need for a vitamin 
supplement in the tilapia feeds. One of the possible sources of vitamins available to a 
fish is from gut microbial synthesis (Lovell and Limsuwan, 1982). Feed trial 14 was to 
determine whether this was a possible source of vitamins for the tilapias at 
Nakambala by feeding an antibiotic, which should reduce gut microbial activity and 
remove this possible source of vitamins. 
Each of the 12 outside tanks (see feed trial 10) were stocked with 40 O. niloficrris of 
around 40g average weight from a sngle production tank The fish were allowed to 
acclimatise for two weeks, during which they were fed production grower feeds (see 
Table 11). 
Four feeds were made up according to the formulations shown in Table 40. Feed 1 
contained a normal formulation with the Tate and Lyle vitamin premix Feed 2 was of 
the same formulation but did not contain the premix Feeds 3 and 4 were the same as 
Feeds 1 and 2 respectively, except that they contained an antibiotic (Tetracycline - see 
Table 40). The feeds were prepared by splitting a single feed batch, adding the vitamin 
supplement and/or antibiotic, remixing and pelleting in the lister pelleter (see section 
5.6). Each feed was randomly allocated to three tanks and fed at 3.5% of body 
weight/day in 3-5 hand feeds/ day. The fish were bulk weighed (Salter hanging scale, 
anaethetisation with benzocaine; 1: 15000) and counted at the start of the experiment, at 
14 days, 28 days and at the end of the experiment after 36 days. 
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Results are shown in Table 40. The fish grew reasonably well with average feed 
conversion ratios below 2 and S. G. R's between 1.69 and 2.08, however there were no 
significant differences in growth rates or food conversion between fish on the different 
treatments. This may indicate that microbial synthesis of vitamins is unimportant to 
tilapias, however the dosage rates used for the antibiotic were scaled from dosages 
recommended for the treatment of gut disorders in piglets. This may not be a high 
enough dose to inactivate the vitamin synthesising micro-organisms in the tilaplas. It 
may be possible to check on the microbial activity of the gut by microbiological 
methods. Unfortunately this was not available to us at Nakambala. 
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Table 33. Feed formulations(expressed as %age of total feed as fed) and trsults (mm 
feed trial 14. 
Feed Base(kg)' 10 10 10 10 
Vitamin supplement(g)'" 100 - 100 - 
Antibiotic(g)'"' - - 50 50 
Results 
Initial Average Weight(g) 393 39.7 37S 38.9 
Final Average Weight(g) 75.1 78.3 73.1 76S 
% Survival 100 100 992 100 
Average S. G. R 1.80 1.88 1.85 1.88 
Average F. C. R 1.99 1.88 1.95 1.91 
'Feed Base contained 10% Kapenta, 10% Blood meat 20% Full fat soya. 20% 
Sunflower oilcake, 40% Wheatings. 
"Tate and Lyle Vitamin Supplement as used in Feed Trials 10 -13. 
""" Tetracycline - T. A. D. Pharmazeutisches, Werk GmDHL West Germany. " 
recommended dosage forpiglets 6g/ 20kg body weight/ day. 
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Vitamins are organic compounds required in trace amounts for the functioning of 
most forms of life, but which some animals are unable to synthesise. Four sources of 
vitamins are available to tilapias in intensive cultures 
(1) In the feed Table 41 gives the estimated vitamin contents of the experimental feeds 
used in Feed Trial 11 (those in trials 10 and 12 would be similar), expressed as a 
percentage of the levels recommended by the University of Stifling As can be seen, 
feeds containing no vitamin supplement, contain appreciable levels of vitamins, 
indeed some of the vitamins are supplied in excess of the estimated requirements for 
tilapias. However it should be noted that the formulated vitamin levels supplied by 
the raw materials or vitamin premixes may be very different from the levels which 
are available to the fish because of interactions with other feed ingredients, losses In 
processing of the feed and losses by leaching in water (Slinger, Razzaque and Cho, 
1979; Soliman, jaunaey and Roberts, 19871. It may be possible to some situations that 
the fish are able to derive significant amounts of vitamins from phytoplankton in the 
water. This was unlikely in these experiments because the water source did not 
contain high phytoplankton levels. 
(2) From storage to fish tissues. Water soluble vitamins are not stored in large 
amounts but fat soluble vitamins can be (NRC 19k If fish had been fed a vitamin 
rich diet and then fed a vitamin deficient diet, stores of fat soluble vitamins should be 
available for some time whereas stores of water soluble vitamins will rapidly become 
depleted. 
(3) Produced by the fish Synthesis of Inositol has been demonstrated in the liver of 
channel catfish (NRC, 19831 Synthesis of ascorbic add has been shown In the liver and 
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Table 41. Estimated vitamin levels in the experimental feeds expressed as %age 
of the estimated requirements of tilaplas. (Derived from N. RC. 119831 and 
McDonald efal [1981D. 
Feed Number 1234 
Water Soluble Vitamins 
Vitamin BI 74 100+ 100+ 100+ 
Vitamin B2 17 100+ 29 100+ 
Vitamin B6 N/A 100+ N/A 100+ 
Pantothenic acid 58 100+ 79 58 
Niacin 100+ 100+ 100+ 100+ 
Biotin 17 100+ 24 95 
Folic acid 18 100+ 29 21 
Vitamin B12 6 100+ 10 6 
Choline 100+ 100+ 100+ 100+ 
Inositol N/A 100+ N/A N/A 
Vitamin C N/A 100+ N/A 100+ 
Fat Soluble Vitamins 
Vitamin A 18 100+ 100+ 100+ 
Vitamin D N/A 100+ N/A N/A 
Vitamin E 17 100+ 26 51 
Vitamin K 0 100 9 9 
N/A - Figure not available 
100+ - vitamin supplied in excess of the estimated requirements for tilapias. 
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kidney of common carp, Cjpnnus caiplo L, and in the kidney of Oirotivm/s aurnus 
and O'vochm is spi7wvs" (Gunther) (Soliman, Jauncey & Roberts, 1985). 
(4) Produced by the intestinal microflora. Gut microbial synthesis of biotin (channel 
catfish), folic acid (carp), vitamin B12 (channel catfish and tilapia) and Inositol 
(channel catfish) have been demonstrated (Lovell &Iimsuwan, 1982; NRG 1983). The 
contribution in an omnivorous fish such as a tilapia may be significant. 
None of the feed trials demonstrated that inclusion of the vitamin premix in the diet 
resulted in improved growth. This suggests that either the vitamin requirements of 
tilapias have been greatly overestimated or that vitamins are available to tilaplas, fed a 
vitamin deficient diet, from one of the above sources. 
The only evidence of deficiency was in feed trial 11, when fish fed diet 1 showed 
higher levels of haemorrhaging than fish fed the other feeds. If it is assumed that 
biotin, folic acid, vitamin B12, inositol and ascorbic acid can be supplied by visceral or 
gut microbial synthesis and that choline, vitamin D and vitamin K are not required in 
tilaplas (other studies have provided no clear evidence that they are required in other 
fish (NCR, 1983)), then according to Table 41, vitamin z vitamin A and riboflavin are 
the most critically deficient vitamins in diet 1. Fish fed diet 3 in the same feed trial did 
not show high levels of haemorrhaging. The main difference between these feeds was 
the supply of vitamin A by lucerne in diet 3. Stickney (1979) included haemorrhaging 
as one of the main indicators of vitamin A hypovitaminosis. 
In feed trials 10 and 12 no overt signs of vitamin deficiency were observed. The fish 
used In these trials were larger and the trial duration shorter than in feed trial 11. The 
fish fed the vitamin deficient diets in these trials may have carried adequate stores of 
vitamin A (a fat soluble vitamin) at the start of the trial to last until the end. 
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In the feed trial in production tanks the feed formulations varied according to the 
availability of feed ingredients. For most of the time these would have included 
lucerne or leucaena, which would have supplied adequate quantities of vitamin A to 
those fish not fed a vitamin premix 
Feed trial 14 was designed to show if microbial synthesis of vitamins was important. If 
it can be assumed that the microbes were inactivated by the antibiotic dosage used, 
then it would appear that this source of vitamins is unimportant to these fish. It 
would have been useful to have carried out microbiological analysis of the gut 
contents of treated and untreated fish to determine whether the gut bacteria were 
killed by the antibiotic. 
The vitamin premix used in these experiments added an extra ZK283/tonne or 
approximately 25% to raw material feed costs excluding the cost of freight and the 
inconvenience of buying in foreign exchange. The experiments indicated that it was 
not worthwhile to include the premix as inclusion did not result in improved fish 
performance to offset the significant increase in costs. 
These experiments highlight the paucity of information on the detailed nutritional 
requirements of tilapias. Recent work in Israel (Viola and Zohar, 1986), has come to 
the same conclusion, that tilaplas in intensive culture do not require vitamin 
supplementation of the diet, but the work has only been published in Hebrew to date. 
This work did not suggest where the vitamins were being obtained from. Lovell and 
Limsuwan (1982) indicated that there were significant differences between the rates of 
intestinal synthesis of vitamin B12 in different fish species and suggested that the 
requirements for other vitamins may vary in a similar way. Vitamin requirements 
may also vary between different sizes of fish, as is evident with other animals 
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(McDonald, Edwards & Greenhaugh, 1981). Larger fish with a better developed gut 
microflora would be expected to have lower vitamin requirements. On a farm, the 
large fish consume most of the food. Lowering the feed costs for them would result in 
considerable savings on the overall feed bill. 
Identification of the most critical vitamins in each case would allow the formulation 
of specific vitamin mixes for use with particular feed formulations and fish. The 
problem at present is that this would require a great deal of research effort, which 
would only be of benefit to tilapia farmers in countries such as Zambia where the 
shortage of foreign exchange is so critical. In other countries where it is possible to 
include vitamin premixes in the diets, even if it was conclusively proven that a 
vitamin premix was not required in feeds for tilapias, feed formulators for feed 
manufacturers would still include a premix in the formulation. To leave it out would 
probably lead to litigation of the feed manufacturer in the event of there being growth 
problems on a farm. 
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S' Trials carried out In self cleaning tanks on other subjects 
7.15. Feed Trial 15. The use of leucaena and lucerne to replace animal protein. 
In duction_ 
Although by the middle of 1986, the feeds being produced at Nakambala were capable 
of sustaining good fish growth, there were still problems in supplying sufficient 
quantities of animal protein in the feeds. Feed trial 7 had identified that leucaena was 
a promising feed ingreient, and following the establishment of plots of lucerne and 
leucaena near the fish farm, increasing quantities of these legumes were becoming 
available for use in the feeds. Feed trial 15 was to investigate whether lucerne and 
leucaena could replace some of the animal protein used in the feeds. 
Materials and methods 
Each of the basin tanks (see feed trial 9) was stocked with 20,0 niloticus of around 4g 
average weight. The fish were allowed to acclimatise for two weeks during which they 
were fed production fingerling crumble (see table 11). Four feeds were made up 
according to the formulations shown in Table 42, by mixing the milled Ingredients 
and pelleting in the Lister pelleter (see section 5.6). The feeds were crumbled before 
use, in a hand grinder, and sieved to pass through a 3mm mesh. Feed 1 contained 15% 
kapenta and 15% meat and bone meal. In feeds 2 and 3a proportion of these 
ingredients were replaced by 10% lucerne meal and 10% leucaena meal respectively. 
Feed 4 contained 10% lucerne and 10% leucaena, replacing a greater proportion of the 
animal proteins. 
Each feed was randomly allocated to three tanks and fed at 45% of body weight/day in 
3-5 feeds/day. At the start of the experiment the fish were bulk weighed (Ohaus triple 
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beam scale, anaesthetisation with benzocaine " 1: 15000) and counted. The fish were 
reweighed at fortnightly tntetvals and at the end of the experiment after 56 days. A 
sample of each feed was taken for proximate analysis by the National Milling 
Company, Lusaka (A. OAG methods; Horwitz, 1980) 
The results are shown in Table 35. Growth was consistently good in the fish fed feed 1 
(no leucaena or luceme), but was rather variable for fish fed the other three feeds. The 
specific growth rates and feed conversion ratios of the fish fed feed 1 were significantly 
better than those fed feeds 2 and 4, but not significantly better than those fed feed 3. 
Comparison of the fish fed feeds 2,3 and 4 showed that there was no significant 
difference between them 
The results indicate that substitution of animal protein can be carried out with 
leucaena and lucerne, however there may be a slight effect on growth. It was 
interesting that there was no significant difference in the response of fish between 
diets 2 and 3, considering the widely reported problem of mimosine in leucaena. This 
would seem to indicate that leucaena was just as good a protein source as lucerne. As 
was pointed out in section 5.7, the feeds were generally deficient in methionine. 
Replacement of kapenta and carcase meal(methionine level 1.4% of protein in both) 
with leucana (methionine level 0.6% of protein) and lucerne (methionine level of 
0.4% of protein ) will have made the deficiency worse. This may account for the 
difference in growth between the control and the other feeds. Jackson Ct al (1982) and 
Cruz and Laudencia (1978) encountered poor growth responses in tilaplas fed diets 
containing leucaena. 
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Table 42. Feed formulations (expressed as %age of total feed as fed), prrndmatc 
analysis of feeds(expressed as % composition of moisture free weight) and results of 
Feed Trial 15. 
Kapenta 15 12.5 12.5 10 
CarcaseMeal 15 12.5 12.5 10 
Full Fat Soya 25 25 25 25 
Sunflower Oficake 12.5 12.5 12.5 12.5 
Wheatings 31.8 26.8 26.8 21.8 
Lucerne - 10 - 10 
Leucaena - - 10 10 
Vitamin Premix" 
l i P i t A (%) 
0.7 0.7 0.7 0.7 
ma ys s e na rox 
Moisture 9.6 7.1 7.6 7.5 
Crude Protein 292 283 30.4 32.6 
Ether Extract 11.8 8.9 112 9.1 
Crude Fibre 4.4 103 3.6 52 
Ash 
R lt 
103 112 93 9.5 
esu s 
Initial Avge. Weight(g) 3.9 4.0 4.0 3.8 
Final Avge. Weight(g) 15.1 12.9 12.1 10.9 
% Survival 97.3 96.0 98.7 96.0 
Average S. G. R. 2.40a 2 10b 1.97ab 1.89b 
Average F. C. R. 2.16a 146b 2.75ab 2.74b 
" Tate and Lyle Vitamin premix as in Feed Trials 10 - 14. 
Figures in the same row with the sam e superscript are not significantly different (P < 
0.05; Duncan , 1955). 
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7.16. Feed Trial 16. The use of different high carbohydrate feed materials. 
Feed trial 16 compared the response of medium sized tilapias to changes in the main 
carbohydrate source in the feeds. Over the course of the project at Nakambala a 
number of feed base materials had been used. Usually the change from one to the 
other had been as a result of necessity because of shortage or price. As pointed out in 
Chapter 4, these had a profound influence on pelleting characteristics. This feed trial 
was designed to see if they also had an effect on growth. The four base materials were 
sorghum, maize, wheatings and bagasse/molasses. 
Each of the outside tanks were stocked with 40, O. niloticus of approximately 25g 
average weight, from a single production tank The fish were allowed to acclimatise 
for three weeks, during which they were fed normal production grower food(see Table 
11). 
Four feeds were made up, each containing a different feed base material. Formulations 
of each were adjusted to allow for variation in the protein contents of each of the raw 
materials. The feeds were formulated to supply 28% crude protein. In feed 1, sorghum 
was the main carbohydrate source, in feed 2 it was maize, feed 3 was wheatings and 
feed 4a1: 3 mix of bagasse-molasses was used. As can be seen from Table 43, the 
formulations were adjusted to allow for the differing protein contents of the 
carbohydrate sources. The raw materials for each feed were weighed out, milled and 
mixed before pelleting in the Lister pelleter (see section 5.6) with a 4mm die. Each feed 
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was randomly allocated to three tanks and fed at 3.5% of body weight/day in 3-5 
feeds/day. 
The fish in each tank were bulk weighed(Salter hanging scales, anaesthetisation with 
benzocatne, 1: 15000) and counted at the start of the trial, and subsequently every 
fortnight until the end of the trial after 56 days. 
Table 36. Feed formulations (expressed as % of total feed as fed) and proximate 
analysis of feeds (expressed as % of moisture free feed) from fwd trial 16. 
Kapenta 6.67 6.67 6.67 6.67 
CarcaseMeal 8 8 8 8 
Full Fat Soya 1333 15.07 10.53 22.9 
Sunflower Oilcake 1333 13.33 1333 1333 
Lucerne 10 10 10 10 
Leucaena 10 10 10 10 
Sorghum 37.7 - - - 
Maize - 35.87 - 
Wheatings - - 40.53 - 
Bagasse/ Mollasses - - - 28 
Vitamin Premix(T & L) 
i A (%) P t l i 
0.93 0.93 0.93 0.93 
rox ma na ys e s 
Moisture 8.8 9.8 9.2 10.8 
Crude Protein 27.4 22.5 28.3 25.8 
Ether Extract 8.8 8.4 8.0 7.8 
Crude Fibre 7.2 7.8 8.8 12.4 
Ash 8.8 73 8.5 11.0 
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A sample of each feed was taken for proximate analysis at the laboratory of the 
National Milling Company, Lusaka. (AOAC. methods; Horwitz, 1980). 
The results, shown in Table 44, indicate that there was no significant difference in 
growth or feed conversion between fish fed the different feeds, however growth was 
not particularly good, with an average S. G. R over the twelve tanks of 123. Food 
conversion ratios ranged from 283 - 339. Proximate analysis of the feeds revealed that 
the crude protein content of feed 2(based on maize) was much lower than the crude 
protein contents of the other feeds. 
Table 44. Results of feed trial 16. 
Feed number 1 2 3 4 
Initial Avge. Weight(g) 27.1 27.1 293 26.5 
Final Avge. Weight(g) 575 51.9 58.0 52.5 
% Survival 95.8 992 983 992 
Average S. G. R" 134a 1.15a 122a 122a 
Average F. CR" 2.83a 3.35a 339a 292a 
Figures in the same row with the same superscript are not significantly different(P < 
0.05; Duncan, 1955). 
" calculated as in feed trial 1. 
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The main conclusion to be taken from this experiment was that the fish seemed to be 
very adaptable with regard to the carbohydrate source of their feed. It is therefore 
reasonable to make decisions on which carbohydrate source to use, based upon factors 
such as availability and price. Viola and Arieli (1983(b)), using O. aurnus" x O. nikodcu 
hybrids held in cages, found that fish fed a diet containing 65.75% sorghum grew 10 - 
15% better than those fed wheat and com (maize) based diets and similarly to fish fed a 
diet based on a mixture of bran and com. The S. G. R's in these experiments ranged 
from 0.75 - 1.05, however the fish used were also larger (start weights 190 - 200g) than 
those used in fed trial 16. 
The most unusual raw material in this feed trial was the mixture of bagasse and 
mollasses (see Chapter 4 for details on manufacture). This was used for a period of 
time in production feeds as an emergency measure when the supply of wheatings 
stopped. This trial demonstrated that it could adequately replace the more 
conventional ingredients. 
No tests were carried out on the water stability or hardness of the pellets, although 
these factors were undoubtedly affected. The water stability of pellets depends on the 
raw materials used and the process applied. Viola, Gur and Zohar (1985) found that a 
steam pelleted sorghum pellet was over 4 times more water stable than one pelleted 
without steam, and a wheat based pellet was approximately 5 times more stable than a 
sorghum based pellet produced under similar conditions. Nevertheless, in feed trials 
using these pellets in tilapia ponds, pellet stability could not be correlated with 
increased fish growth rate. In intensive tanks, water stability of pellets is likely to be 
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even less important, as the pellets are normally consumed immediately on entering 
the water. Pellets which are too hard may be spat out by tilaplas and allowed to soften 
before being consumed (Dickson, 1981). In a self cleaning tank or cage, the pellets could 
easily be lost before they are soft enough to be eaten. 
Amino acid analysis of the feeds was not carried out in feed trial 16, however 
subsequent analyses on the raw materials showed that the amino acid balance in the 
different grains was quite different (see Table 9). Amino acid analysis of production 
feeds showed that they were deficient in methionine when compared to the estimated 
amino acid requirements of hiapias (see Table 2). Sorghum contained roughly 10 times 
more methionine than wheatings. Use of sorghum instead of wheatings could have 
made a useful contribution to the amino acid balance of the production feeds, 
however it must be stressed that the amino acid analyses were the result of only one 
set of samples. 
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7.17. Feed Trial 17. Kapenta, blood meal and oilseeds as protein sources. 
Kapenta and blood meal became the principal animal protein ingredients in the 
production feeds in 1986 (see Table 11), because they were available at reasonable prices 
and were easily used. At times there were shortages of one or the other, leading to 
situations where production feeds had to be made containing only kapenta or only 
blood meal as the animal protein source in the feeds. Feed trial 17 was to compare the 
effects of using kapenta and blood meal, and whether their use could be reduced by 
replacement with protein from oilseeds. 
Each of the basin tanks (see feed trial 9) was stocked with 20 0 niloticus of 
approximately 4g average weight. The fish were allowed to acclimatise for three weeks, 
during which they were fed production fingerling crumble feeds (see Table 11). Four 
feeds were made up as shown in Table 45. Feed 1 contained kapenta as its sole animal 
protein source. Feed 2 contained blood meal, feed 3 contained equal quantities of both 
and feed 4 replaced some of both with full fat soyabeans and sunflower oilcake. The 
formulations were adjusted to balance the protein levels in the feeds. 11le ingredients 
for each feed were weighed out, mixed and milled, then pelleted with the Lister 
pelleter (see section 5.6). The pellets were then crumbled using a hand grinder and 
sieved to pass through a 2mm mesh. Each feed was allocated randomly to three tanks 
and fed at 45%a of body weight/day in 3-5 hand feeds/day. 
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The fish were bulk weighed (Ohaus triple beam scale, anaesthetisation with 
benzocaine 1: 15000) and counted at the start of the trial, subsequently at fortnightly 
intervals and at the end of the trial after 28 days. 
Proximate analysis of each feed was carried out by the laboratory of the National 
Milling Company, Lusaka (AOAC. methods; Horwitz, 1980). 
Table 37. Feed formulations (expressed as % of total feed as fed) and proximate 
analysis of feeds(expressed as % of moisture free weight in feed) in feed trial 17. 
Kapenta 25 - 10.25 4.85 
Blood Meal - 17.4 10.25 4.85 
Full Fat Soya 20 20 20 40 
Sunflower Oiicake 10 10 10 20 
Lucerne 10 10 10 10 
Wheatings 34 41.6 38.5 193 
Vitamin Premix' 
P 
1 1 1 1 
roximate Analysis(% 
Moisture 
) 
6.7 72 6.7 6.8 
Crude Protein 38.1 35.0 363 373 
Ether Extract 8.0 6.3 72 10.5 
Ash 9.3 6.3 6.7 75 
" Tate and Lyle vitamin premix as in feed trial 10. 
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Table 46 shows the results. Best growth (S. G. R = 3.49) and feed conversion (FCR. 
1.34) was shown by those fish fed feed 1, containing only kapenta as an animal protein 
source. Replacement of half the kapenta with blood meal, In feed 3, resulted in 
significantly lower growth and poorer feed conversion. Total replacement of kapenta 
with blood meal resulted in even worse growth and food conversion. The fish fed feed 
4, in which over 60% of the animal protein had been replaced by protein supplied by 
soya and sunflower oilcake, grew as well as the fish fed feed 3 (containing kapenta and 
blood meal) and significantly better than fish fed feed 2 (containing only blood meal). 
Table 46. Results of feed Mal 17. 
Initial Avge. Weight(g) 3.83 3.94 424 3.78 
Final Avge. Weight(g) 10.21 7.67 922 7.90 
% Survival 100 97.7 9&9 87.4 
Average S. G. R` 3.49a 2.37c 2.77b 2,64b 
Average F. CR' 1.34a Z. 15C 1.74b 2.17c 
Figures in the same row with the same superscript are not significantly different(P < 
0.05; Duncan, 1955). 
" calculated as in feed trial 1. 
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The main conclusions to be drawn from this trial were that kapenta is a better source 
of animal protein than blood meal and that oilseeds effectively replaced animal 
protein in a feed which contained both kapenta and blood meal. Replacement of 
kapenta with blood meal resulted in a clear diminution of growth. Otubusin(1987) 
found that increasing levels of blood meal resulted in reduced growth with D. 
niJc' cus held in cages, although he suggested that this was due to excessively high 
protein levels in the feeds. Although the protein content of blood meal is high (926% 
In Table 9), the amino acid balance is rather biased (Gohl, 1981). Blood meal also 
contains significant quantities of crude protein which is not in the form of amino 
acids (non protein nitrogen) (Jauncey, personal communication). 
The results from the fish fed feed 4 indicated that the oilseeds were able to replace part 
of the animal proteins with no significant effect on growth. Viola and Arieli (1983) 
reported that soybean meal could replace up to half of the fishmeal in tilapia feeds of 
25% protein content, however Shiau et al (1987) suggested that soybean meal could 
only replace fish meal in diets for O. niloficus x O. aumus hybridswhich contained 
suboptimal (24%) protein levels. Diets containing higher (32%) protein levels needed 
to be supplemented with methionine for growth to be comparable with fish fed all fish 
meal feeds. 
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7.18. Conclusions and recommendations from the feed trials. 
The feed trials discussed in this chapter were carried out over a period of more than 
three years. Three main topics were addressed in the trials: 
(i) The comparative growth performance of different fish species. 
(ii) The effect of changes in the major components of feed formulations on fish 
performance. 
(iii) The effect of changes in the supply of micronutrients, particularly vitamins, on 
fish performance. 
(i) The comparative growth performance of different fish species. 
Only one trial, feed trial 2, attempted to compare the growth of different fish species. 
More work was carried out in the production tanks and has been described in Chapter 
3. Feed trial 2 was carried out in rectangular, non self cleaning tanks. 0 maarrh1r, O. 
niloticus and 0 aureusshowed poor growth associated with breeding activity. 0 
anders. mii grew slightly better and only carp showed reasonable growth. If these 
results are compared to the cumulative results from production tanks shown in Table 
6 (p. 40), it is immediately apparent how poor the growth of all the fish in this trial was 
compared to those grown in production tanks. 
There were probably two main reasons for depressed growth of fish in the rectangular 
trial tanks: 
1. Poor water distribution led to an accumulation of uneaten food and faeces in the 
corners of the tanks, that is, the tanks were not self cleaning, Although this was 
cleaned out manually at least once a day, this may have led to localised deoxygenation 
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or a build up of metabolic products leading to stress in the fish , making them less 
likely to feed or grow well. Wheaton(1977) lists among the most important qualities 
for an ideal culture tank, that it must be self cleaning and states that water circulation 
in rectangular tanks is often characterised by "dead" areas and short circuiting. It is 
probably this factor which explains the large difference in growth rates observed 
between carp grown in the rectangular trial tanks and the self cleaning production 
tanks. 
2. In addition to the fact that the tanks were not self cleaning growth of tilapias in the 
rectangular trial tanks was clearly affected by reproductive activity of the fish. The 
rectangular design and uneven water distribution encouraged reproductive behaviour 
of tilapias by allowing males to establish territories and by giving females a substrate 
on which to safely deposit and retrieve eggs without them being swept to the tank 
outlet. Most species of tilapia are very adaptable with regard to the onset of breeding, 
Once they have reached a particular size, if they get the opportunity, they will breed 
and once breeding commences, growth is restricted (Balarin and Haller, 1982). This 
means that in feed trial 2, although it was designed to compare fish growth between 
species, it really only compared the size at which these species would mature 
precociously in this tank system. In contrast to the results of this feed trial, over the 
period of the study, successful reproduction of tilapias was never observed in the self 
cleaning D-ended production tanks. This is probably because high stocking densities 
and uniform water flow prevented the establishment of territories by males, and any 
eggsdeposited on the tank bottom were swept to the tank outlet before they could be 
retrieved by females. 
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Since it is clear that tank design can have a very significant effect on the growth of fish, 
and particularly of tilapias, it is surprising that a wide range of holding facilities are 
used for experimental work on the intensive culture of tilapias. These range from 
cages suspended in tanks or ponds (Viola and Adell, 1983), to self cleaning tank 
systems (Jackson etal1982) and non self cleaning tanks or aquaria. Many workers fail 
to mention whether the systems used were self cleaning (Santiago and Lovell, 1988; 
Shlau et al 1987; Ofujekwu and Ejike, 1984; Teshima et al 1986). Although most of 
these experiments used very small fish which would not be capable of reproductive 
behaviour, use of non self cleaning tank systems could dearly introduce a growth 
depressing factor which may obscure the main alms of the experiment. 
Of the tilapia species used at Nakambala, O. niloficus is the most widely used for 
aquaculture (Pullin and Capili, 1987). The main reasons for this are the ease of 
obtaining good stock, easy propogation and good growth in intensive and extensive 
conditions. Pauly et aß1987) analysed growth data for a number of tilapia species in 
wild stocks and in aquaculture. This suggested that the ranking for species used at 
Nakambala should be O. niloficag O. aumus O. andersonii and 0 macarc iz/r in 
decreasing order of growth index This fits precisely with the data summarised in 
Table 6 (p39) on the growth rates of these species in production tanks. 
Although the growth rates shown by carp in production tanks indicated that they 
could achieve faster growth than any of the tilapia species, their incorporation in large 
numbers into the production system would have depended on the propogation of 
large numbers of fingerlings. It was felt that the extra effort required was not justified 
as the market for carp was uncertain. 
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(ii) The effect of changes in the major components of feed formulations on fish 
performance. 
Eight of the feed trials used feeds in which one or more of the major constituents were 
changed. Feed trials 1,3,5,6 and 7 were carried out in the rectangular, non- 
selfcleaning trial tanks. For reasons which were discussed above, fish performance in 
these tanks was generally very poor. Similar fish fed similar feeds in self cleaning 
production tanks, grew faster and converted food more efficiently than those in the 
trial tanks, even when all male tilapias were stocked as in trials 5,6 and 7. Ibis 
supported the conclusion that poor tank design was a major interfering factor in these 
trials, with none yielding statistically significant differences in growth or food 
conversion between treatments. 
Three trials were carried out in improved experimental tank systems. Good growth 
and food conversion was shown in all three. 
Feed trials 15 and 17 investigated the use of different protein sources in the feeds, 
comparing kapenta(diied fish) and blood meal as animal protein sources and the 
replacement of animal protein with plant protein from lucerne, leucaena and oilseeds. 
The main practical difference between plant and animal protein sources is price. If the 
approximate cost per kilogramme of protein is calculated, for some of the main feed 
ingredients(based on 1986 prices - Table 10), kapenta protein cost K5/kg, blood meal 
protein cost K420/kg soyabean protein cost K2.80/kg, sunflower oilcake protein cost 
K120/kg and wheatings protein cost K1.10/kg. Clearly there was a strong economic 
incentive to substitute animal protein with plant protein. Also plant protein sources 
were generally more easily available than animal protein in Zambia. On the other 
hand, animal protein sources usually contain high levels of easily digestible protein 
. 
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often with a good balance of amino adds, so inclusion of relatively small quantities 
can improve the protein level and quality significantly(New, 1987). 
It would appear from the results of trials 15 and 17 that in some cases, plant protein 
can effectively replace animal protein with no discernable effect on fish performance. 
Interestingly there were marked differences between animal protein sources. Blood 
meal was shown to be an inferior feed ingredient when compared to kapenta. 
Many studies report that animal based feedstuffs are a better source of protein for 
tilaplas than plant based feedstuffs, however most conclude that plant protein can be 
used in limited quantities to replace animal protein(jackson el al 1982; Ofujekwu and 
Ejike, 1984; Appler, 1985; Hanley, 1987; Shiau et at 1987). The usual reasons given for 
decreased growth rates at higher inclusion rates of plant protein are. 
1. Lower digestibility of plant protein. 
2 Limiting essential amino acid levels in plant proteins. 
3. The presence of toxic factors in most plant protein sources. 
Recent studies in Israel have highlighted another important factor which may have 
been overlooked in previous studies. In attempting to produce an animal protein free 
feed for tilapias they have found the availability of phosphorus in the feeds to be very 
important. Phosphorus in fish meal was found to be highly available whereas plant 
phosphorus was not. Supplementation of a plant based feed with dicalcium phosphate 
resulted in growth rates comparable to those achieved using conventional fish meal 
based feeds. If dicalcium phosphate was left out of the plant based feed, growth was 
reduced by 20%(Viola et al1986(a); Viola et at 1986(b); Viola el at 1988(a); Viola e! at 
1988(b). This illustrates the dangers 'inherent in changing feed formulations in 
practical feeds Whilst the main intention in a trial may be to compare the effect of 
supplying protein from a plant source with that from an animal source, other factors 
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are also changed, in this case, the availability of phosphorous, and this can outweigh 
the anticipated effects such as those resulting from changes in the amino acid profile. 
This work also shows that animal protein free feeds for tilapias in intensive culture is 
a real possibility, with consequent savings in feed costs. This suggests that tilapias are 
much less affected by changes in the amino acid profile of feeds than has previously 
been thought. 
Feed trial 16 investigated the use of a wide range of feed base materials. The 
conclusion was that there was no significant difference in fish performance between 
the treatments. This is remarkable given the large differences in the appearance and 
texture of the feeds. and once again illustrates the versatility of tilapla feeding habits. 
(iii) The effect of changes in the supply of micronutrients, particularly vitamins, on 
fish performance. 
Of the seventeen trials, twelve were either wholly or partially designed to determine 
whether vitamin supplementation of tilapia feeds was necessary. Six of these were 
carried out in the non self cleaning test tanks, where fish perfommance was adversely 
affected by the tank design and results were inconclusive. The other six were carried 
out in self-cleaning tanks. where fish growth was satisfactory. The results have been 
fully discussed at the end of Feed Trial 14. The main conclusion was that there was no 
clear evidence to show that vitamin supplementation of the feeds was necessary. Fish 
fed diets without vitamin supplements, performed as well as those fed supplemented 
diets. 
. ý.. ý 
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This conclusion contradicts the recommendations of many workers who have 
demonstrated hypovitaminosis in tilaplas (Jauncey of al, 1985; Soliman et al 1986; 
Soliman etaf 1987) and with reviews on the dietary requirements of tilaplas (Jauncey 
and Ross, 1982; N. RC., 1983), however it is in agreement with results presented by 
Viola and Zohar(1986) who demonstrated that a vitamin supplement was not 
necessary for tilapia feeds in Israel. This anomalous situation suggests that tilapias can 
behave differently in different situations. In laboratory studies, clear vitamin 
deficiencies have been demonstrated, whereas in practical situations, vitamin 
deficiency is not easily demonstrated. 
As discussed at the end of feed trial 14, the supplies of vitamins available to tilaplas in 
intensive culture are. 
1. In the feed(natural or artificial). 
2. From storage in the fish tissues. 
3. Produced by the fish. 
4. Produced by the intestinal microflora. 
If a vitamin deficient food is used, no signs of deficiency are detected and it is assumed 
that an insignificant quantity of vitamins are harvested from the water, then vitamins 
must be supplied from storage or metabolism by the fish or from the gut microflora 
The fish used in experiments at Nakambala were bred from stock imported from 
Stirling University, probably the same stock as was used by Jauncey and co-workers at 
Stirling in which vitamin C deficiency was clearly demonstrated. It would be 
surprising if these fish acquired the ability to synthesise vitamins in the few 
generations since importation so production in the fish tissues seems unlikely. In 
general the experiments carried out at Nakambala were of longer duration than those 
used to show vitamin C deficiency at Stirling so storage of vitamins seems an unlikely 
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explanation These points suggest that in a farm situation, a significant contribution 
may be made to the supply of vitamins in tilaplas by microbial action in the fish gut. It 
could be that the gut microflora are more active in farm fish than in laboratory reared 
fish, hence the differing results between researchers. Although feed trial 14 attempted 
to address this, the results were inconclusive. Much more work needs to be carried out 
to determine whether tilapia gut microflora make a significant contribution to the 
fishes nutrition. 
If it is shown that this is an important factor, this may also explain the versatility of 
tilapias with regard to other nutrients such as proteins. Recent Israeli research has 
demonstrated that not only is a vitamin supplement unnecessary, neither are amino 
acid supplements in an animal protein free feed(Viola, pers. comm. ). If tilapiaspossess 
an active gut microflora, capable of supplying vitamins and essential amino acids, it 
may be simplistic to consider them as monogastric animals. It would be more 
appropriate to consider them as possessing digestive similarities with ruminants, 
which would require a fundementally different nutritional approach 
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CHAPTER 8. CONCLUSIONS AND RECOMMENDATIONS. 
ß. l. Pno ject implementation 
The fish faun was set up as a commercial enterprise within the sugar estate. As such it 
was expected to make a profit and save the Zambia Sugar Company money which 
would have been spent on buying food for the workers. Financially it performed very 
badly. If it had been run as a commercial venture separate from the sugar estate, it 
would undoubtedly have been closed down in the first years of operation. The first 
harvest of fish was two years behind schedule and the quantities harvested were much 
lower than anticipated. 
Initial stocking with O. macnxhir was disastrous as they did not grow at anywhere 
near the expected rates. Oandeisonl+and O. aurrus showed some promise, but it was 
only when sufficient O. nilotcus juveniles were available for ongrowing, that the 
production target of 50 tonnes per annum was achieved, four years after the project 
started. This underlines the importance of having a complete technical package 
available before embarking on a commercial operation. The most important part of 
this package proved to be fish which would perform well in the highly intensive 
conditions. needed to maximise production from the tanks. In hindsight it was niave 
to think that any of the indigenous tilaplas could be used. More effort should have 
been put into ensuring that sufficient fingerlings of a proven species were available at 
the start of operation. 
Identification of suitable feed ingredients and feed processing methods also took some 
time, although the pressure on feed production was made easier by the relatively 
small quantities used in the early years of the project. 
179 
In essence the first two years operation was mainly research and perhaps it would 
have been more sensible to have approached it as such from the start. This would 
have allowed for a phased development, with the initial efforts concentrated on 
research to establish whether the local species of fish were suitable for intensive 
culture, to develop suitable feedstuffs and to establish a breeding programme for the 
preferred species. Once these points had been addressed, the main capital expenditure 
on rearing facilities would have proceeded. 
This phased approach would also have allowed for greater flexibility. In any project 
with a significant research component, thoughts and priorities often change as a result 
of the research. This was particularly true for the algae culture programme. All the 
money allocated for capital expenditure was used up at the start of the programme. It 
would have been better to restrict initial spending to the bare essentials, leaving a 
reserve for developing ideas generated after the start of the project. If there had been 
funds to develop a carbon dioxide supplementation system for the algae ponds, the 
project could well have turned from a failure, to one which suceeded in supplying 
significant quantities of raw materials for tilapia feeds. 
The phased approach is not, however, attractive to commercial companies such as the 
Zambia Sugar Company. Allocations of foreign exchange must be made well in 
advance and used promptly once allocated, also commercial companies often do not 
want to get involved in research. 
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&ZFeeds. 
It was clear that the farm was able to produce feeds which were perfectly adequate for 
the growth of tilapias. The feed formulations used on the farm changed over the 
course of the study not only as a result of experience gained from fish performance in 
production and research tanks, but also in response to changes in the availability of 
raw materials. This became particularly important as the quantities of feeds being 
produced increased ( Table 13, p. 81). This meant that only those ingredients which 
were reasonably easily available could be used in the feeds. The use of some materials 
such as fish silage and raw blood, which were investigated early in the study, had to be 
discontinued as the quantities available were too small, the quality was too variable 
and handling was too difficult. Table 47 summarises the conclusions on the usefulness 
of the feed ingredients used during the study. 
At the end of the study, the main feed ingredients used were: kapenta, blood meal, 
fullfat soyabeans, sunflower oilcake, wheatings, lucerne and leucaena (see Table 11 
p. 78). The main problem was that interruptions in the supply of some of the 
ingredients sometimes led to them being replaced by others. In emergencies kapenta 
was used to replace blood meal and blood meal to replace kapenta. Soyabeans and 
sunflower oilcake were also used interchangeably as were leucaena and lucerne, 
however feed formulations returned to normal as soon as possible. The results of Feed 
Trial 17 showed that such substitutions can have an adverse effect on fish growth, in 
that case by substituting kapenta with blood meal, however substitution kept feed 
production going and in many situations was all that could be done at the time. 
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Table 47. Conclusions on the use and usefulness of various feed ingredients. 
Ingredient Fee d value Convenience Supply Price Comments 
Animal Products 
Fish silage + + + +++ Supply too erratic 
Kapenta +++ ++ ++ +++ Preferred animal ingredient. 
Rawblood + + + + Supply too erratic 
Blood meal ++ ++ ++ +++ Useful but expensive 
Carcasemeal ++ ++ ++ +++ Quality often suspect 
Hyd. Feather meal 
Plant Products 
++ + + + Needs reliable supply 
of poultry feathers. 
Soyabeans +++ ++ +++ ++ Very useful ingredient 
Cottonseed + + ++ ++ Processing too difficult 
Sunflower oilcake ++ +++ ++ ++ Preprocessed cake useful 
Lucerne ++ + own + (Useful although long time 
Leucaena ++ + own + 
I 
(required to establish plots. 
Wheatings +++ +++ ++ + Very useful 
Maize ++ ++ ++ +++ Too valuable as human food 
Bagasse/mollasses + + +++ + Useful in emergencies 
Algae + ++ + +++ Quality and quantity too low 
Yeast ++ ++ + +++ Supply too erratic 
Key: + Low (Feed value, convenience, supply or price) 
++ Medium (Feed value, convenience, supply or price) 
+++ High (Feed value, convenience, supply or price) 
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Much of the feed research concentrated on the supply of vitamins in the feeds because 
this was the only class of nutrients which it was impossible to supply at anything like 
the recommended levels. That the feed trials indicated a vitamin supplement was not 
essential, shows that there is a great deal to be learnt about tilapia nutrition. Until 
further research is able to prove this point conclusively and explain why it is so, feed 
manufacturers and nutritionists will continue to be conservative in their approach, 
recommending that vitamin supplements are included in feeds for tilapias in 
intensive culture, with the resultant conclusion that the intensive culture of tilaplas is 
impossible in those countries where a vitamin supplement cannot be supplied. 
sraeli research (Viola, pers. comm. ) has shown that not only are vitamin supplements 
not essential in practical feeds for intensive tilapia culture, but neither are amino acid 
supplements or oil supplements. The only supplement they found essential in an 
animal protein free feed was available phosphorous. This would indicate that the 
current recommendations are far too stringent. If the Israeli research is correct, the 
nutritional requirements of tilapias would seem to be remarkably easy to meet, 
making them ideal for intensive culture in developing countries. 
Another conclusion which resulted from the feed trials was the importance of the 
behavioural component in fish growth. In most of the trials, the object was to 
ascertain differences in growth response due to differences in the nutritional 
composition of the feeds, but often these were masked by differences in growth due to 
the behavioural responses of the fish to their environment and to eachother. It would 
be advantageous for tilapia culture if the influence of fish behaviour could be reduced, 
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for example by altering their genetics to produce later maturing fish, but until this can 
be achieved it must be recognised that the culture system adopted has a large part to 
play in influencing fish growth Of the systems in use at present, self cleaning round 
or D-ended tanks, or cages, would seem to be best for intensive culture, whereas 
monosex culture may be best for more extensive systems. 
Future research which should be carried out on feeds is: 
1. Establish the source of vitamins in unsupplemented tilapia feeds. If tilapias derive a 
significant nutritional contribution from gut microflora, a different approach may be 
required in feeding, 
2. Continue to reduce the levels of expensive ingredients such as animal byproducts in 
the feeds and replace with cheaper and more easily available ingredients. 
3. Investigate the digestibility of nutrients in diferent feeds. Although digestion studies 
are hampered by the aquatic environment, they are credal to a complete 
understanding of tilapia nutrition. 
4. Continue investigations on the most appropriate feed processing methods. 
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U. Is intensive culture appropriate in Zambia? 
The Nakambala Tilapia Farm is one of the most intensive in the World. It would 
seem at first analysis to be inappropriate to operate in a developing country because of 
the complexity of engineering used in its construction and operation. A useful 
comparison is with the fish farm at Kafue Fisheries near Kafue, Zambia, which used a 
much lower technology approach. They operated a farm which used effluent from 
piggeries to fertilise fish ponds. 
Nakambala Tilapia Farm had two major raw material inputs, water and feed 
ingredients, both of which were reasonably easy to control. Kafue Fisheries required 
pig feeds, water and regular supplies of piglets. They also had to integrate the growth 
cycle of the pigs with the fish. The supply of pig feeds depended on the feed milling 
companies which, given the state of the economy, meant that at times they were 
unavailable. The supply of piglets was also outwith the control of the farm. 
At Nakambala, feeding was based on rations calculated from the results of regular 
sample weighings in the tanks. At Kafue Fisheries, feeding was more an art than a 
science, involving the culture of algae on the piggery effluent to feed the fish. Control 
of feeding rates and growth is difficult in such a system. This lack of control also made 
marketing of the produce difficult, as it was difficult to predict when a particular pond 
would be ready for harvest. 
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Although Kafue Fisheries was technologically more simple, its operation and 
management would be considerably more difficult than the intensive system utilised 
at Nakambala, also the lack of control over some of the key inputs make its operation 
much more vulnerable to the fluctuating fortunes of the Zambian economy. 
The conclusion must be that the intensive system used at Nakambala was as 
appropriate as any other system in use in Zambia at the time of completion of this 
study. 
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